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(54) Image processing system 

(57) At least one kind of image input modality and at 
least one kind of image information output device are 
connected to an image processing system. At least one 
kind of image input modality, which is among connected 
image input modalities, includes a plurality of image 
information input apparatuses having different input 
device characteristics. The image processing system 
comprises a standardization device for carrying out 
transform processing on image information such that, in 
every case where the image information has been 
received from one image information input apparatus, 
which is among the plurality of the image information 
input apparatuses, the received image information may 
be transformed into standard image information, which 
does not depend upon the input device characteristics 
of the one image information input apparatus and 
depends upon standard device characteristics having 
been set previously for the image input modality includ- 
-_ing_the_one_imageJnformationjnput.apparatus. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an image processing 
system. This invention particularly relates to an image 
processing system, to which image information input 
apparatuses and image information output devices are 
connected. This invention also relates to an improve- 
ment in processing of image information in an image 
processing system. This invention further relates to an 
image output device. 

Description of the Prior Art 



[0002] Various image forming apparatuses (modali- 
ties) for diagnosis, In which X-rays, or the like, are uti- 
lized, have heretofore been used in the medical field. As 
ouchmodal i tioc— computodrad i ography-(CR)-appara i r 



tuses, constitute part of the network as image informa- 
tion input apparatuses. Also, CRT display devices and 
LP's constitute part of the network as image information 
output devices. 
5 [0005] The image information input apparatuses (the 
image forming apparatuses) and the image information 
output devices have heretofore been produced on the 
assumption that they will be used alone. Therefore, the 
problems occurred in that there was no compatibility in 
10 the form of image information at the time of input and 
output of the image information between the image 
information input apparatuses and the image informa- 
tion output devices. However, with the advances made 
in the networking technology, the problems are solved 
75 little by little. 

[0006] However, even if the compatibility in the form of 
image information at the time of input and output of the 
image information between the image information input 
apparatuses and th e im a ge i n fo rmat ion outptrt-etevteesr 
20 is established, and a plurality of kinds of image input 
-modalities and-a-plurality of-image information nirtpiit- 



tuses, computed tomography (CT) scanners, magnetic 
resonance imaging (MR I) apparatuses, and the like, 
have been used in practice. An image having been 
formed by each modality is displayed on a cathode ray 
tube (CRT) display device or is reproduced on film by a 
laser printer (LP), or the like. The reproduced image is 
utilized for making a diagnosis, e.g. for investigating the 
presence or absence of a diseased part or an injury or 
for ascertaining the characteristics of the diseased part 
or the injury. 

[0003] The CR apparatuses are radiation image 
recording and read-out systems. With the radiation 
image recording and read-out systems, a radiation 
image of an object, such as a human body, is recorded 
on a sheet provided with a layer of a stimulable phos- 
phor (hereinafter referred to as a stimulable phosphor 
sheet). The stimulable phosphor sheet, on which the 
radiation image has been stored, is then exposed to 
stimulating rays, such as a laser beam, which cause it to 
emit light in proportion to the amount of energy stored 
thereon during its exposure to the radiation. The light 
emitted by the stimulable phosphor sheet, upon stimula- 
tion thereof, is photoelectrical^ detected and converted 
into an electric image signal. Recently, the CR appara- 
tuses are widely used in practice. In cases where the 
CR apparatuses are connected to a network, which will 
be described later, the CR apparatuses may take on the 
form of the entire radiation image recording and read- 
out systems described above or, for example, radiation 



-imageTead-outapparatuses-ai^erwhichcan-fe^^rTe^ 
ultimatel)rdetected-image-signal-(i:e— image-informa- 
tion) into the network. 

[0004] With the rapid advances made in communica- 
tion technology and computer technology in recent 
years, various kinds of networks utilizing computers 
have been built in hospitals. The aforesaid modalities, 
which were used in the past as stand-alone appara- 



25 



devices can be connected as the constituent elements 
of a network, the problems described below will occur. 
Specifically, even if the image information input appara- 
tuses are the ones belonging to the same kind of image 
input modality, each of the image information input 
apparatuses will have device characteristics, such as 
response functions [a contrast transfer function (CTF) 
and a modulation transfer function (MTF)] and gradation 
characteristics, which are inherent to the manufacturer 
and the type or the version (the improvement generation 
number) of the apparatus. Therefore, in cases where 
two pieces of image information, which have been input- 
ted from two image information input apparatuses 
belonging to the same kind of image input modality, are 
fed into a single image information output device, repro- 
duced images having different image quality are 
obtained for different manufacturers and different types 
or versions of the image information input apparatuses. 
[0007] More specifically, for example, a single image 
input modality, which is classified as CR apparatuses, 
includes a CR apparatus made by a manufacturer A and 
a CR apparatus made by a manufacturer B. As illus- 
trated in Figure 3A, the CR apparatus of the manufac- 
turer A has a linear profile of gradation characteristics, 
i.e., the correspondence relationship between input 
quantity logE (-2 to +2), which is obtained from logarith- 
mic transform of radiation dose (0.01mR to 100mR), 
and output quantity represented by digital values of 0 to 
1 ,023. On the other hand, as illustrated in Figure 3B, the 
-^^^GR^appar^ 

— — profile-of-gradation-Gharacteristics^-Therefore~in-cases- 
where two pieces of image information, which are fed 
respectively from the two CR apparatuses, are the ones 

55 representing images of the same object, which images 
have been recorded under the same image recording 
conditions, and the two pieces of image information are 
fed into a single CRT display device and respectively 
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reproduced and displayed on the CRT display device, 
images having identical gradation characteristics can- 
not be obtained. The difference in gradation character- 
istics appears as a difference in impression given by the 
images, and therefore there is a risk that an accurate 5 
diagnosis cannot be made. 

[0008] The same problems also occur with the image 
information output devices. Specifically, in cases where 
a single piece of image information is fed into two or 
more image information output devices having different 10 
output device characteristics, visible images having dif- 
ferent gradation characteristics, different frequency 
characteristics, and the like, and giving different impres- 
sions are reproduced by the image information output 
devices. 15 
[0009] More specifically, for example, a single kind of 
image information output device, which is classified as 
CRT display devices, includes a CRT display device 
-ma d e b y a manufacturer A and a O R ! P-dispfay-€levtee^= 
made by a manufacturer B. The CRT display device of 20 
the manufacturer A may have frequency characteristics, 



MRI apparatus, or a CT scanner and an MRI appara- 
tus). 

[0012] Specifically, for example, a CR apparatus has 
gradation characteristics such that input quantity logE(- 
2 to +2), which is obtained from logarithmic transform of 
radiation dose (0.01mR to 100mR) and output quantity, 
which is represented by digital values of 0 to 1 ,023, may 
correspond to each other. A CT scanner has gradation 
characteristics such that input quantity, which is repre- 
sented by CT values of -1,000 to +1,000, and output 
quantity, which is represented by digital values of 0 to 
65,535, may correspond to each other. An MRI appara- 
tus has gradation characteristics such that input quan- 
tity, which is represented by a T1 emphasis degree, a 
T2 emphasis degree, or a hydrogen density, and output 
quantity, which is represented by digital values of 0 to 
65,535, may correspond to each other. Also, ordinarily, 
the correspondence relationships in the CR apparatus, 
-t h e GT-s cann o r, and - t ho- M RI ap p a ra tuo aro of-differenT 7 



profiles. 
[0013] 



Th erefore, even if the s ame ima ge pr ocessing 



which are defined by a response function MTF out of a 
profile shown in Figure 22 A. The CRT display device of 
the manufacturer B may have frequency characteristics, 
which are defined by a response function MTF ou1 of a 25 
profile shown in Figure 22B. In such cases, even if a sin- 
gle piece of image information, which has been 
obtained with a single CR apparatus and represents an 
image of an object having been recorded under certain 
image recording conditions, is fed into the two CRT dis- 30 
play device, an image reproduced and displayed on the 
CRT display device of the manufacturer A and an image 
reproduced and displayed on the CRT display device of 
the manufacturer B cannot have identical frequency 
characteristics. The difference in frequency characters- 35 
tics appears as a difference in impression given by the 
images, and therefore there is a risk that an accurate 
diagnosis cannot be made. 

SUMMARY OF THE INVENTION 40 

[0010] The primary object of the present invention is 
to provide an image processing system, wherein at 
least two pieces of image information, which are 
received respectively from at least two image informa- 45 
tion input apparatuses belonging to a single kind of 
image input modality, are capable of being processed 
as pieces of image information, which do not depend 
upon input device characteristics of the image informa- 
tion input apparatuses. so 

~[0X)t1]-^Besides-the:cases-where-at:least:two:image^:^. 

-informationJnputapparatuses belong-toa singlekind-of- 

image input modality, the aforesaid problems due to 
dependence of image information upon image informa- 
tion input apparatuses also occur with respect to image 55 
information input apparatuses, which belong to at least 
two different image input modalities (for example, a CR 
apparatus and a CT scanner, a CR apparatus and an 



is carried out on the pieces of image information, which 
have been obtained from the image information input 
apparatuses, identical effects of image processing can- 
not be obtained for the different cage information input 
apparatuses. 

[0014] Another object of the present invention is to 
provide an image processing system, wherein at least 
two pieces of image information, which are received 
respectively from at least two image information input 
apparatuses belonging respectively to different kinds of 
image input modalities, are capable of being processed 
as pieces of image information, which do not depend 
upon input device characteristics of the image informa- 
tion input apparatuses. 

[0015] A further object of the present invention is to 
provide an image processing system, wherein image 
processing is carried out such that images, which are 
reproduced respectively by a plurality of image informa- 
tion output devices that are of the same kind, may not 
depend upon output device characteristics of the image 
information output devices. 

[0016] Besides the cases where at least two image 
information output devices are of the same kind, the 
aforesaid problems due to dependence of images, 
which are reproduced by image information output 
devices, upon image information output devices also 
occur with respect to at least two image information out- 
put devices, which are of different kinds (for example, an 
LP and a CRT display device). 

-[0017]— A:still:further:object:of:the:present:invention.is 
_to-provide-an-image.processingsystem,-wherein_image 
processing is carried out such that images, which are 
reproduced respectively by a plurality of image informa- 
tion output devices that are of different kinds, may not 
depend upon output device characteristics of the image 
information output devices regardless of the kinds of the 
image information output devices. 
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[0018] Also, pieces of image information, which are 
received respectively from a plurality of image informa- 
tion input apparatuses belonging to a single kind of 
image input modality and having different input device 
characteristics, may be fed respectively into at least two 
image information output devices that are of the same 
kind and that have different output device characteris- 
tics, and images may thereby be reproduced by the 
image information output devices. In such cases, the 
images, which are reproduced by the image information 
output devices, depend also upon the input device char- 
acteristics of the image information input apparatuses. 
Therefore, if the output device characteristics of the 
image information output devices are merely standard- 
ized, images having identical image quality cannot be 
obtained from the image information output devices. 
[0019] Another object of the present invention is to 
provide an image processing system, wherein image 
processing is carried out such that, in cases where 
pieces of image information, which are received respec- 
t i v e ly from a plura l ity of i mag e i nformat i on i nput app a*a*- 



provide an image processing system, wherein image 
processing is carried out such that dependence upon 
input device characteristics of an image information 
input apparatus and dependence upon output device 
5 characteristics of an image information output device 
may be canceled. 

[0024] A further object of the present invention is to 
provide an improved image information filing method in 
an image processing system. 

io [0025] A still further object of the present invention is 
to provide an image output device, wherein an image is 
capable of being reproduced with output gradation, 
which is assumed in image processing. 
[0026] First and second image processing systems in 

is accordance with the present invention are characterized 
by being provided with a standardization means for 
transforming image information, which has been 
received from an image information input apparatus, 
inlu blanda i U i mage in t ormat i on, w hi c h do es n o t 

20 depend upon device characteristics of the image infor- 
; jpation -i nput ap paia t us-a n d d ep en d s u p o n predeter- 



tuses belonging to a single kind of image input modality 
and having different input device characteristics, are 
reproduced as images respectively by image informa- 
tion output devices that are of the same kind, the repro- 
duced images may not depend upon the input device 
characteristics and output device characteristics. 
[0020] Further, in cases where pieces of image infor- 
mation, which are received respectively from different 
kinds of image input modalities, are reproduced as 
images by image information output devices that are of 
different kinds, it is desired that the images reproduced 
by the image information output devices have identical 
image quality. 

[0021] A further object of the present invention is to 
provide an image processing system, wherein image 
processing is carried out such that, in cases where 
pieces of image information, which are received respec- 
tively from image information input apparatuses belong- 
ing to different kinds of image input modalities, are 
reproduced as images by image information output 
devices that are of different kinds, the reproduced 
images may not depend upon input device characteris- 
tics and output device characteristics. 
[0022] A still further object of the present invention is 
to provide an image processing system, to which an 
image information input apparatus and an image infor- 
mation output device are connected, wherein image 
processing is carried out such that an image, which is 
reproduced by the image information output device and 
^witr^^caleof^nlar^ 

-is-desired by the-user-may-have standard-characteris- 
tics, which do not depend upon response characteris- 
tics of the image information output device and are 
approximately identical with response characteristics 
that are obtained in cases where image size enlarge- 
ment or reduction processing is not carried out. 
[0023] Another object of the present invention is to 



mined standard characteristics of the system. 
[0027] In a first image processing system in accord- 
ance with the present invention, image information is 

25 unified as standard image information, which depends 
upon standard characteristics, within a single kind of 
image input modality. In a second image processing 
system in accordance with the present invention, image 
information is unified as standard image information, 

30 which depends upon standard characteristics, regard- 
less of the kinds of image input modalities. 
[0028] Specifically, the present invention provides a 
first image processing system, to which at least one 
kind of image input modality and at least one kind of 

35 image information output device are connected, 



at least one kind of image input modality, which is 
among connected image input modalities, including 
a plurality of image information input apparatuses, 
which have different input device characteristics, 
the image processing system comprising: 
a standardization means for carrying out transform 
processing on image information, the transform 
processing being carried out such that, in every 
case where the image information has been 
received from one image information input appara- 
tus, which is among the plurality of the image infor- 
mation input apparatuses, the received image 
information may be transformed into standard 
image information, which does not depend upon 
-the-input^ew 

-information-input-apparatus-having-fed-the-image- 
information and depends upon standard device 



40 



45 



50 



characteristics having been set previously for the 
55 image input modality including the one image infor- 
mation input apparatus having fed the image infor- 
mation. 
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[0029] The term "image input modality" as used 
herein means one of various kinds of image forming 
apparatuses for diagnosis, in which X-rays, or the like, 
are utilized. The kinds of the image input modalities 
include CR apparatuses, CT scanners, MRI appara- 5 
tuses, radioisotope (Rl) scanners, ultrasonic imaging 
apparatuses, and the like. 

[0030] The kinds of the image information output 
devices include CRT display devices, LP's, and the like. 
[0031 ] The term "input device characteristics" as used 10 
herein means, for example, the characteristics concern- 
ing response which are related to frequency character- 
istics, characteristics concerning gradation that 
represent the correspondence relationship between 
input quantity, which may be represented by radiation 15 
dose, or the like, and output quantity, which may be rep- 
resented by image signal values (image information), or 
the like. 

-[0082] — IrHhMirsHma^e-i^OCessing^y^tefYHn-deeord 
ance with the present invention, by way of example, the 20 
standardization_means_may_comprise: 

a) a device characteristics detecting means for 
detecting the input device characteristics, upon 
which the received image information depends, 25 

b) an input device characteristics cancel processing 
means for canceling the dependence of the 
received image information upon the input device 
characteristics (the canceling being carried out for 
each image input modality), and 30 

c) a standardization processing means for trans- 
forming the received image information, whose 
dependence upon the input device characteristics 
has been canceled, into the standard image infor- 
mation (with respect to each image input modality). 35 

[0033] Also, in the first image processing system in 
accordance with the present invention, in order for the 
input device characteristics to be detected by the device 
characteristics detecting means, for example, the kind 40 
of the modality of the image information input appara- 
tus, which has fed the image information, and elements 
specifying the input device characteristics may be 
appended as subsidiary information to the image infor- 
mation. In such cases, the elements specifying the input 45 
device characteristics may be profile information or 
parameter information, which directly defines the input 
device characteristics. Alternatively, in cases where pro- 
file information of each image information input appara- 
tus, or the like, is stored previously in the image so 
~processing.system;-the~elements-spedfying~theinput~— 
^device characteristics.may be the information specifying ... - _.. 
the image information input apparatus. 
[0034] By way of example, the processing of the input 
device characteristics cancel processing means for can- ss 
celing the dependence upon the input device character- 
istics may be carried out with the technique described 
below. 



[0035] Specifically, the image information, which is fed 
from the image information input apparatus into the 
image processing system, is the one obtained by carry- 
ing out transform processing, which depends upon the 
input device characteristics, on the image information 
given to the image information input apparatus (the 
given image information is the raw data, such as radia- 
tion dose, before being detected by the image informa- 
tion input apparatus and does not depend upon the 
input device characteristics). Therefore, inverse trans- 
form processing may be carried out such that the image 
information, which is fed from the image information 
input apparatus into the image processing system, may 
be restored into the image information before being 
detected by the image information input apparatus. 
[0036] In order for the inverse transform processing to 
be carried out, each time the input device characteris- 
tics are detected by the device characteristics detecting 
neansr-a~table-(an— inverse— trarofofm-^aWe)i— which~= 
defines a profile of the inverse transform, or the like, 
_may_be_formedJn^accordance_with_the_detected_input_ 



device characteristics. Thereafter, the inverse transform 
processing may be carried out in accordance with the 
table. Alternatively, the table may be stored previously, 
and the inverse transform processing may be carried 
out in accordance with the stored table. 
[0037] The standard characteristics of the system with 
respect to each modality may be fixed or may be set 
such that they can be altered to desired characteristics. 
[0038] In the first image processing system in accord- 
ance with the present invention, predetermined image 
processing, such as normalization processing [expo- 
sure data recognizer (EDR) processing], gradation 
processing, emphasis processing, image size enlarge- 
ment or reduction processing (including interpolation 
processing), or abnormal pattern detection processing, 
may be carried out on the received image information. 
In such cases, the predetermined image processing 
may be carried out on the image information before 
being processed by the input device characteristics 
cancel processing means. Alternatively, the predeter- 
mined image processing may be carried out on the 
image information after being processed by the input 
device characteristics cancel processing means. 
[0039] The present invention also provides a second 
image processing system, to which at least two kinds of 
image input modalities and at least one kind of image 
information output device are connected, 

the image processing system comprising: 
_ a standardization -means-for-carryi ng-out-transf or m~ 
_ ^processing on J mage -information, the transform 
processing being carried out such that, in every 
case where the image information has been 
received from an image information input apparatus 
belonging to one image input modality, which is 
among the connected image input modalities, the 
received image information may be transformed 
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into standard image information, which does not 
depend upon input device characteristics of the 
image information input apparatus having fed the 
image information and depends upon standard 
device characteristics of the system that have been 
set previously. 

[0040] In the second image processing system in 
accordance with the present invention, as in the first 
image processing system in accordance with the 
present invention, the standardization means may com- 
prise: 

a) a device characteristics detecting means for 
detecting the input device characteristics, upon 
which the received image information depends, 

b) an input device characteristics cancel processing 
means for canceling the dependence of the 



mation output device and depends upon predetermined 
standard characteristics of the system, may be repro- 
duced by the image information output device. 
[0044] In a third image processing system in accord- 

5 ance with the present invention, image information is 
transformed into image information depending upon 
standard characteristics, which have been set uniformly 
within the range of a single kind of image information 
output device. In a fourth image processing system in 

w accordance with the present invention, image informa- 
tion is transformed into image information depending 
upon standard characteristics, which have been set uni- 
formly regardless of the kinds of image information out- 
put devices. In a fifth image processing system in 

is accordance with the present invention, with respect to 
image information, which has been received from a sin- 
gle kind of image input modality and is to be fed into a 
single kind of image information output device, the 



received rmagerlnforrnation upon the inputrtevice^ 
characteristics (the canceling being carried out for 

c) a standardization processing means for trans- 
forming the received image information, whose 
dependence upon the input device characteristics 
has been canceled, into the standard image infor- 
mation. 



[0041] Also, in the second image processing system 
in accordance with the present invention, in order for the 
input device characteristics to be detected by the device 
characteristics detecting means, for example, the kind 
of the modality of the image information input appara- 
tus, which has fed the image information, and elements 
specifying the input device characteristics may be 
appended as subsidiary information to the image infor- 
mation. In such cases, the elements specifying the input 
device characteristics may be profile information or 
parameter information, which directly defines the input 
device characteristics. Alternatively, in cases wherepro- 
f ile information of each image information input appara- 
tus, or the like, is stored previously in the image 
processing system, the elements specifying the input 
device characteristics may be the information specifying 
the image information input apparatus. 
[0042] Further, in the second image processing sys- 
tem in accordance with the present invention, as the 
standard characteristics of the system, predetermined 
standard characteristics are employed regardless of the 
kinds of the image input modalities. The standard char- 
acteristics may be fixed or may be set such that they 
can-be '-"altered to r desiredchararteristics : — ~ 



^[0043]— Thirdrfourth~fifth-and sixthimage-processing- 
systems in accordance with the present invention are 
characterized by being provided with a standardization 
means for carrying out transform processing on image 
information, which is to be fed into an image information 
output device, such that an image, which does not 
depend upon device characteristics of the image infor- 



i mage in fo r mat i o n i s t r ansfo r med int o im ag einf o r rn a ttorr 
20 depending upon standard characteristics, which have 
Deen-set-uniformiy-within4he-range of-the single kind of 
image input modality and the single kind of image infor- 
mation output device. In a sixth image processing sys- 
tem in accordance with the present invention, with 
25 respect to image information, which has been received 
from one kind of image input modality and is to be fed 
into one kind of image information output device, the 
image information is transformed into image information 
depending upon standard characteristics, which have 
30 been set uniformly regardless of the kinds of image 
input modalities and the kinds of image information out- 
put devices. 

[0045] Specifically, the present invention further pro- 
vides a third image processing system, to which at least 
35 one kind of image input modality and at least one kind of 
image information output device are connected, 

at least one kind of image information output 
device, which is among connected image informa- 

40 tion output devices, including a plurality of image 
information output devices, which have different 
output device characteristics, 
the image processing system comprising: 
a standardization means for carrying out transform 

45 processing on image information, which is to be fed 
into an image information output device, the trans- 
form processing being carried out such that, in 
every case where the image information is to be fed 
into one image information output device, which is 

so among the plurality of the image information output 

- ~^devicesrth^image : info 

by-the-one-image-information-output device-to-be- 
fed with the image information and as a standard 
image, which does not depend upon the output 

55 device characteristics of the one image information 
output device to be fed with the image information 
and depends upon standard device characteristics 
having been set previously for the kind of the one 
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image information output device to be fed with the 
image information. 

[0046] The term "output device characteristics" as 
used herein means, for example, input-to-output con- 
version characteristics of each device, which affect the 
image quality, such as frequency characteristics, which 
are represented by response functions (CTF, MTF), and 
gradation characteristics, which are typically repre- 
sented by y values. 

[0047] The term "standard device characteristics hav- 
ing been set previously for a kind of image information 
output device" as used herein means the standard char- 
acteristics, which have been set with respect to devices 
belonging to the kind referred to as CRT display 
devices, the standard characteristics, which have been 
set with respect to devices belonging to the kind 
referred to as LP's, or the like. The standard character- 

-isttcs-oHhe-GRT^display devices-and-the standard char— 
acteristics of the LP's are set as independent 

^characteristics 



[0048] Specifically, for example, in cases where the 
output device characteristics of a CRT display device 
and the standard characteristics of the system with 
respect to the CRT display device are represented 25 
respectively by response functions MTF1 out and 
MTF1 sy6 , frequency emphasis processing in accord- 
ance with a response correction term a 
(=MTF1 sys /MTF1 out ) may be carried out on the image 
information. 30 
[0049] In the third image processing system in accord- 
ance with the present invention, by way of example, the 
standardization means may comprise: 

a) an output device characteristics detecting means 35 
for detecting the output device characteristics of the 
one image information output device to be fed with 
the image information, 

b) an output device characteristics cancel process- 
ing means for canceling the dependence of the 40 
image information, which is reproduced by the one 
image information output device, upon the output 
device characteristics of the one image information 
output device, and 

c) a standardization processing means for trans- 45 
forming the image information, whose dependence 
upon the output device characteristics has been 
canceled, into image information, which depends 
upon standard characteristics having been set uni- 
formly for the kind of the one image information out- so 

--^Ot^eviceP^^^^ 



[0050] Also, in the third image processing system in 
accordance with the present invention, in order for the 
output device characteristics to be detected by the out- 
put device characteristics detecting means, for exam- 
ple, elements specifying the output device character- 
istics may be received from the image information out- 



put device, which is to be fed with the image informa- 
tion. In such cases, the elements specifying the output 
device characteristics may be profile information or 
parameter information, which directly defines the output 
5 device characteristics. Alternatively, in cases where pro- 
file information of each image information output device, 
or the like, is stored previously in the image processing 
system, the elements specifying the output device char- 
acteristics may be the information specifying the image 
10 information output device itself. 

[0051] By way of example, the processing of the out- 
put device characteristics cancel processing means for 
canceling the dependence upon the output device char- 
acteristics may be carried out with the technique 
15 described below. 

[0052] Specifically, in accordance with output device 
characteristics F having been detected by the output 
device characteristics detecting means, the output 

device charactertetics-cancd-processing-means-calcu— 

20 lates transform characteristics G such that the output 

device_characteristics_F_may_become inverse_transform_ 

G" 1 of the predetermined transform characteristics G. 
Thereafter, the output device characteristics cancel 
processing means carries out transform processing with 
the transform characteristics G. (As an aid in facilitating 
the explanation, the transform processing will hereinbe- 
low be referred to as the "inverse transform process- 
ing.") 

[0053] Thereafter, the standardization processing 
means carries out transform processing on the image 
information, which has been obtained from the inverse 
transform processing carried out with the transform 
characteristics G, and in accordance with predeter- 
mined standard characteristics. 

[0054] The thus obtained image information is the 
information depending upon the standard characteris- 
tics and the transform characteristics G. However, since 
the image information has been subjected to the trans- 
form processing with the output device characteristics F 
(=G" 1 ) of the image information output device to be fed 
with the image information, the transform characteris- 
tics G of the aforesaid inverse transform processing and 
the output device characteristics F are canceled each 
other. Therefore, the image, which is reproduced by the 
image information output device, does not depend upon 
the output device characteristics F and depends upon 
the standard characteristics. 

[0055] In order for the inverse transform processing to 
be carried out, each time the output device characteris- 
tics F are detected by the output device characteristics 
"detecting means;-a table (an inverse transform: table), 

which defines a profile of the inverse transform G, or_the 

like, may be formed in accordance with the detected 
output device characteristics F. Thereafter, the inverse 
55 transform processing may be carried out in accordance 
with the table. Alternatively, the table may be stored pre- 
viously, and the inverse transform processing may be 
carried out in accordance with the stored table. 
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[0056] Also, the transform processing carried out by 
the standardization means need not necessarily pass 
through the aforesaid inverse transform processing, and 
direct transform into the standard characteristics may 
be carried out. 

[0057] For example, in cases where the output device 
characteristics are the modulation transfer function, a 
difference a between output device characteristics 
MTF1 0Ut and MTF1 sys may be calculated. Also, two- 
dimensional Fourier transform may be carried out on the 
image information to be processed, and the image infor- 
mation may thereby be transformed into the frequency 
domain. Frequency emphasis processing with the 
aforesaid difference a may then be carried out on the 
transformed image information. Thereafter, inverse 
Fourier transform may be carried out. 
[0058] In lieu of the aforesaid emphasis processing in 
the frequency domain, emphasis processing in the spa- 
tial - domain maybe carried~out by using a spaliah 
domain filter, such as an unsharp mask filter. 

[0059] — Howeverr-with-theemphasisprocessing-using— 

the spatial-domain filter, it is substantially impossible to 
carry out the emphasis in every frequency band. There- 
fore, for example, in cases where the image information 
output device is a CRT display device, the visual char- 
acteristics of the image information (the image) dis- 
played on the display device may be taken into 
consideration, and the emphasis may be carried out pri- 
marily for a frequency band, which is associated with 
the highest visual response under ordinary image view- 
ing conditions (e.g., a viewing position spaced 50cm 
apart from the displayed image). Therefore, information 
representing the visual characteristics, viewing charac- 
teristics, and the like, may be received from the image 
information output device. Alternatively, means for stor- 
ing the information representing such characteristics, or 
the like, may be provided. However, since there is a dif- 
ference in visual characteristics between persons who 
view the images, ordinary visual characteristics may be 
set as a representative value, or the visual characteris- 
tics may be set for each person who views the images. 
[0060] In cases where the emphasis processing with 
the unsharp mask filter is employed, the image process- 
ing system or the image information output device may 
be provided with a reference table or a transform table, 
which represents filter factors that define the unsharp 
mask filter. Information representing the filter factors 
obtained from the table may be fed into the standardiza- 
tion processing means, and correction processing may 
thereby be carried out. Alternatively, the standardization 

- — prbc^sing-mean^ 

- -part of the constitution.- — — - — — — 

[0061 ] The standard characteristics of the system with 
respect to each kind of image information output device 
may be fixed or may be set such that they can be altered 
to desired characteristics. 

[0062] In the third image processing system in accord- 
ance with the present invention, predetermined image 



processing, such as normalization processing [expo- 
sure data recognizer (EDR) processing], gradation 
processing, emphasis processing, image size enlarge- 
ment or reduction processing (including interpolation 
5 processing), or abnormal pattern detection processing, 
may be carried out on the image information to be fed 
into the image information output device. In such cases, 
the predetermined image processing may be carried out 
on the image information before being processed by the 
10 output device characteristics cancel processing means. 
Alternatively, the predetermined image processing may 
be carried out on the image information after being 
processed by the output device characteristics cancel 
processing means. However, the predetermined image 
/ 5 processing should preferably be carried out on the 
image information before being processed by the output 
device characteristics cancel processing means. In 
such cases, setting of image processing conditions can 

be^prevented-from-beGoni if»g-< j o rH |^ iGated . 

20 [0063] The present invention still further provides a 

fourth-imageprocessing-system,-to_which-at-least-one — 

kind of image input modality and at least two kinds of 
image information output devices are connected, 

25 the image processing system comprising: 

a standardization means for carrying out transform 
processing on image information, which is to be fed 
into an image information output device, the trans- 
form processing being carried out such that, in 
30 every case where the image information is to be fed 
into one image information output device, which is 
among the plurality of the image information output 
devices, the image information may be reproduced 
by the one image information output device to be 
35 fed with the image information and as a standard 
image, which does not depend upon output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics of 
40 the system that have been set previously. 

[0064] In the fourth image processing system in 
accordance with the present invention, by way of exam- 
ple, the standardization means may comprise: 

45 

a) an output device characteristics detecting means 
for detecting the output device characteristics of the 
one image information output device to be fed with 
the image information, 
so b) an output device characteristics cancel process- 
~ irig meahis : for-canceling Fthe dep~endence~of -the 

image information, which is reproduced by the one 

image information output device, upon the output 
device characteristics of the one image information 
55 output device, and 

c) a standardization processing means for trans- 
forming the image information, whose dependence 
upon the output device characteristics has been 
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canceled, into image information, which depends 
upon standard characteristics of the system that 
have been set previously and uniformly regardless 
of the kinds of the image information output 
devices. 

[0065] The present invention also provides a fifth 
image processing system, to which at least one kind of 
image input modality and at least one kind of image 
information output device are connected, 

at least one kind of image input modality, which is 
among connected image input modalities, including 
a plurality of image information input apparatuses, 
which have different input device characteristics, 
at least one kind of image information output 
device, which is among connected image informa- 
tion output devices, including a plurality of image 

tnformation-ouiput~devices— which-have-different- 

output device characteristics, 

. . the image processing. system. comprising: 

a standardization means for carrying out transform 
processing on image information, the transform 
processing being carried out such that, in every 
case where the image information has been 
received from one image information input appara- 
tus, which is among the plurality of the image infor- 
mation input apparatuses, and the image 
information is to be fed into one cage information 
output device, which is among the plurality of the 
image information output devices, the image infor- 
mation may be reproduced by the one image infor- 
mation output device to be fed with the image 
information and as a standard image, which does 
not depend upon the input device characteristics of 
the one image information input apparatus having 
fed the image information and the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 
ing been set previously for the kind of the image 
input modality including the one image information 
input apparatus having fed the image information 
and for the kind of the one image information output 
device to be fed with the image information. 

[0066] The term "input device characteristics" as used 
herein for the fifth image processing system in accord- 
ance with the present invention has the same meaning 
as that described above. 

[0067] ~ In the fifth image processing system in accord- ~ 
ance with the present invention, by. way of example, the 
standardization means may comprise: 

a) a device characteristics detecting means for 
detecting the input device characteristics of the one 
image information input apparatus having fed the 
image information and the output device character- 



istics of the one image information output device to 
be fed with the image information, 

b) a device characteristics cancel processing 
means for canceling the dependence of the image 

5 information, which has been received from the one 

image information input apparatus and is repro- 
duced by the one image information oulput device, 
upon the input device characteristics of the one 
image information input apparatus and the output 

io device characteristics of the one image information 
output device, and 

c) a standardization processing means for trans- 
forming the image information, whose dependence 
upon the input device characteristics and the output 

75 device characteristics has been canceled, into 
image information, which depends upon standard 
characteristics having been set uniformly for the 
combination of the kind of the image input modality 
includingtheone-imageintormation-tnput-appara— 
20 tus and the kind of the one image information out- 
.put device. 

[0068] Also, in the fifth image processing system in 
accordance with the present invention, in order for the 

25 input device characteristics to he detected by the device 
characteristics detecting means, for example, the afore- 
said technique for detecting the input device character- 
istics, which is employed in the device characteristics 
detecting means in the first image processing system in 

30 accordance with the present invention, may be 
employed. In order for the output device characteristics 
to be detected by the device characteristics detecting 
means, for example, the aforesaid technique for detect- 
ing the output device characteristics, which is employed 

35 in the output device characteristics detecting means in 
the third image processing system in accordance with 
the present invention, may be employed. 
[0069] As the processing of the device characteristics 
cancel processing means for canceling the dependence 

40 upon the input device characteristics, the aforesaid 
processing for canceling the dependence upon the 
input device characteristics, which is employed in the 
input device characteristics cancel processing means in 
the first image processing system in accordance with 

45 the present invention, may be employed. 

[0070] The standard characteristics of the system with 
respect to each kind of modality may be fixed or may be 
set such that they can be altered to desired characteris- 
tics. 

so [0071 ] As the processing of the device characteristics 
cancel processing means for canceling the dependence 
upon the output device characteristics, the aforesaid 
processing for canceling the dependence upon the out- 
put device characteristics, which is employed in the out- 

55 put device characteristics cancel processing means in 
the third image processing system in accordance with 
the present invention, may be employed. 
[0072] In the manner described above, with the device 
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characteristics cancel processing means, the process- 
ing for canceling the dependence upon the input device 
characteristics and the processing for canceling the 
dependence upon the output device characteristics may 
be carried out separately. Alternatively, characteristics 5 
(hereinbelow referred to as the input-output device 
characteristics), which are obtained by combining the 
input device characteristics and the output device char- 
acteristics with each other, may be calculated, and 
processing for canceling the dependence upon the w 
input-output device characteristics may be carried out. 
[0073] The present invention further provides a sixth 
image processing system, to which at least two kinds of 
image input modalities and at least two kinds of image 
information output devices are connected, 75 

the image processing system comprising: 

a standardization means for carrying out transform 



forming the image information, whose dependence 
upon the input device characteristics and the output 
device characteristics has been canceled, into 
image information, which depends upon standard 
characteristics of the system that have been set 
previously. 

[0075] Seventh, eighth, and ninth image processing 
systems in accordance with the present invention are 
characterized by carrying out frequency emphasis 
processing (including smoothing processing) on image 
information, or correcting the processing parameters 
(including those with filter factors, and the like) for trans- 
form processing carried out by a standardization means 
on the image information, or correcting the parameters 
(including those with filter factors, and the like) for inter- 
polation processing accompanying image size enlarge- 
ment or reduction processing carried out on the image 



"infomiationrsuch*that^riatiorrinTesponse"charactehs~ 
tics due to image size enlargement or reduction 

-processing-may-be-compensated for 

[0076] Specifically, the present invention still further 
provides a seventh image processing system, to which 
at least one kind of image information input apparatus 
and at least one kind of image information output device 
are connected, 

the image processing system comprising: 

i) a standardization means for carrying out trans- 
form processing on image information and in 
accordance with response characteristics of one 
image information output device, into which the 
image information is to be fed, such that the image 
information may be reproduced by the one image 
information output device to be fed with the image 
information and as an image, which does not 
depend upon the response characteristics of the 
one image information output device to be fed with 
the image information and depends upon standard 
response characteristics having been set previ- 
ously, 

ii) a response characteristics variation calculating 
means for calculating a variation component of the 
image from the standard response characteristics 
in cases where the image reproduced by the one 
image information output device is subjected to 
image size enlargement processing with a desired 
scale of enlargement or image size reduction 
processing with a desired scale of reduction, and 

iii) a correction means for carrying out frequency 
: emphasis^rocessing on the image information 

such that the variation component may be compen- 
sated for. 

[0077] The kinds of the image information input appa- 
ratuses include CR apparatuses, CT scanners, MRI 
apparatuses, radioisotope (Rl) scanners, ultrasonic 
imaging apparatuses, and the like. 



-processing-on~image~information7"the~transform 

processing being carried out such that, in every 20 

-case— where— the— image—information— has-been- 
received from an image information input apparatus 
belonging to one image input modality, which is 
among the connected image input modalities, and 
the image information is to be fed into one image 25 
information output device, which is among the plu- 
rality of the image information output devices, the 
image information may be reproduced by the one 
image information output device to be fed with the 
image information and as a standard image, which 30 
does not depend upon input device characteristics 
of the image information input apparatus having fed 
the image information and output device character- 
istics of the one image information output device to 
be fed with the image information and depends 35 
upon standard device characteristics that have 
been set previously. 



[0074] In the sixth image processing system in 
accordance with the present invention, by way of exam- 40 
pie, the standardization means may comprise: 

a) a device characteristics detecting means for 
detecting the input device characteristics of the 
image information input apparatus having fed the 45 
image information and the output device character- 
istics of the one image information output device to 

be fed with the image information, 

b) a device characteristics cancel processing 
means for canceling the dependence of the image so 
information; - which - has been - received - from- the - 
image information input apparatus and is repro- 
duced by the one image information output device, 
upon the input device characteristics of the image 
information input apparatus and the output device 55 
characteristics of the one image information output 
device, and 

c) a standardization processing means for trans- 
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[0078] The kinds of the image information output 
devices include CRT display devices, LP's, and the like. 
[0079] The term "response characteristics" as used 
herein means the frequency response characteristics 
represented by response functions (CTF, MTF). 
[0080] An image size enlargement or reduction 
processing means, which carries out the image size 
enlargement or reduction processing with a desired 
scale of enlargement or a desired scale of reduction, 
may be provided in the seventh image processing sys- 
tem (or each of the eighth and ninth image processing 
systems) in accordance with the present invention or in 
the image information output device. In cases where the 
image information output device is provided with the 
image size enlargement or reduction processing 
means, an image size enlargement or reduction 
processing information input means should preferably 
be provided such that the response characteristics vari- 
-ation calculating-means -can-receive-informationrwhlefiF 
defines the details of the image size enlargement or 
reduction processing carried out by the image size 
enlargement or reduction processing means, from the 
image information output device. In such cases, as the 
information, which defines the details of the image size 
enlargement or reduction processing, for example, 
parameters (including filter factors, and the like), which 
define the details of interpolation processing constitut- 
ing the image size enlargement or reduction process- 
ing, may be employed. The details of the interpolation 
processing include the type of the interpolating opera- 
tion (a first-order interpolating operation, a second- 
order Lagrangean interpolating operation, a third-order 
B spline interpolating operation, a third-order cubic 
spline interpolating operation, or the like), filter factors in 
the interpolating operation, and the like. 
[0081] The term "standard response characteristics 
having been set previously" as used herein means the 
response characteristics having been set as a standard, 
instead of the response characteristics of the image 
information output device to be fed with the image infor- 
mation, such as a CRT display device. 
[0082] Specifically, for example, in cases where the 
response characteristics of the image information out- 
put device to be fed with the image information and the 
standard characteristics are represented respectively 
by response functions MTF1 out and MTF1 sys , frequency 
emphasis processing in accordance with a response 
correction term a (=MTF1 sys /MTF1 0Ut ) may be carried 
out on the image information. 

[0083] In the seventh image processing system (or 
each of the eighth and ninth image processing systems) 
in accordance with the present invention, by way of 
example, the standardization means may comprise: 

a) a response characteristics detecting means for 
detecting the response characteristics of the one 
image information output device to be fed with the 
image information, 
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b) a response characteristics cancel processing 
means for canceling the dependence of the image 
information, which is reproduced by the one image 
information output device, upon the response char- 
acteristics of the one image information output 
device, and 

c) a standardization processing means for trans- 
forming the image information, whose dependence 
upon the response characteristics has been can- 
celed, into image information, which depends upon 
standard characteristics having been set uniformly 
for the kind of the one image information output 
device or for all kinds of image information output 
devices. 

[0084] Also, in order for the response characteristics 
to be detected by the response characteristics detecting 
means, for example, elements specifying the response 

characteristiGS-may-be-received-from-ttre-image-infor— 

20 mation output device, which is to be fed with the image 
information. In such cases, the elements specifying the 
response characteristics may be profile information or 
parameter information (the filter factors, or the like), 
which directly defines the response characteristics. 

25 Alternatively, in cases where profile information of each 
image information output device, or the like, is stored 
previously in the image processing system, the ele- 
ments specifying the response characteristics may be 
the information specifying the image information output 

30 device itself. 

[0085] By way of example, the processing of the 
response characteristics cancel processing means for 
canceling the dependence upon the response charac- 
teristics may be carried out with the technique 

35 described below. 

[0086] Specifically, in accordance with response char- 
acteristics F having been detected by the response 
characteristics detecting means, the response charac- 
teristics cancel processing means calculates transform 

40 characteristics G such that the response characteristics 
F may become inverse transform G~ 1 of the predeter- 
mined transform characteristics G. Thereafter, the 
response characteristics cancel processing means car- 
ries out transform processing with the transform charac- 

45 teristics G. (As an aid in facilitating the explanation, the 
transform processing will hereinbelow be referred to as 
the "inverse transform processing.") 
[0087] Thereafter, the standardization processing 
means carries out transform processing on the image 

so information, which has been obtained from the inverse 
transform" processing carried out . with the transform r 
characteristics G, and jn accordance with predeter- 
mined standard characteristics. 
[0088] The thus obtained image information is the 

55 information depending upon the standard characteris- 
tics and the transform characteristics G. However, since 
the image information has been subjected to the trans- 
form processing with the response characteristics F 
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(=G~ 1 ) of the image information output device to be fed 
with the image information, the transform characteris- 
tics G of the aforesaid inverse transform processing and 
the response characteristics F are canceled each other. 
Therefore, the image, which is reproduced by the image 
information output device, does not depend upon the 
response characteristics F and depends upon the 
standard characteristics. 

[0089] In order for the inverse transform processing to 
be carried out, each time the response characteristics F 
are detected by the response characteristics detecting 
means, a table (an inverse transform table), which 
defines a profile of the inverse transform G, or the like, 
may be formed in accordance with the detected 
response characteristics F. Thereafter, the inverse 
transform processing may be carried out in accordance 
with the table. Alternatively, the table may be stored pre- 
viously, and the inverse transform processing may be 
"carriedoutinaccordancewiththestoredtable- 



representative value, or the visual characteristics may 
be set for each person who views the images. 
[0093] In cases where the correction processing with 
the unsharp mask filter is employed, the image process - 

5 ing system or the image information output device may 
be provided with a reference table or a transform table, 
which represents filter factors that define the unsharp 
mask filter. Information representing the filter factors 
obtained from the table may be fed into the standardiza- 

10 Won processing means, and correction processing may 
thereby be carried out. Alternatively, the standardization 
processing means may be provided with the table as 
part of the constitution. 

[0094] The standard characteristics described above 
is may be fixed or may be set such that they can be altered 
to desired characteristics. 

[0095] In the seventh image processing system in 
accordance with the present invention, as the tech- 
-niques'torthe-trequency-emphasisprocessing-carried- 
20 out by the correction means, one of various techniques 
may be employed. Specifically, it is possible to employ 
the aforesaid technique utilized for the standardization 
in the standardization means, which technique com- 
prises carrying out Fourier transform on the image infor- 
25 mation, making a correction in the frequency domain 
such that the aforesaid difference may be eliminated, 
and thereafter carrying out inverse Fourier transform 
into the image region. Alternatively, frequency process- 
ing, in which a spatial domain filter, such as an unsharp 
30 mask filter, is utilized, may be employed (such fre- 
quency processing is described in, for example, U.S. 
Patent No. 4,315,318). 

[0096] In the aforesaid seventh image processing sys- 
tem in accordance with the present invention, the cor- 

35 rection means directly carries out the frequency 
emphasis processing on the image information. Alter- 
natively, as in the eighth image processing system in 
accordance with the present invention, a correction 
means may correct the processing parameters (includ- 

40 ing those with filter factors, and the like) for transform 
processing carried out by the standardization means. 
[0097] Specifically, the present invention also provides 
an eighth image processing system, to which at least 
one kind of image information input apparatus and at 

45 least one kind of image information output device are 
connected, 

the image processing system comprising: 

i) a standardization means for carrying out trans- 

50 form processing on image information and in 
accordance with n-espolise characteristics of " one 
image information output device, into which the 
image information is to be fed, such that the image 
information may be reproduced by the one image 

55 information output device to be fed with the image 
information and as an image, which does not 
depend upon the response characteristics of the 
one image information output device to be fed with 



[0090] Also, the transform processing carried out by 
the standardization means need not necessarily pass 
through the aforesaid inverse transform processing, and 
direct transform into the standard characteristics may 
be carried out. Specifically, a difference a between 
response characteristics MTF1 out and MTF1 8ys may be 
calculated. Also, two-dimensional Fourier transform 
may be carried out on the image information to be proc- 
essed, and the image information may thereby be trans- 
formed into the frequency domain. Frequency emphasis 
processing with the aforesaid difference a may then be 
carried out on the transformed image information. 
Thereafter, inverse Fourier transform may be carried 
out. 

[0091 ] In lieu of the aforesaid emphasis processing in 
the frequency domain, emphasis processing (or 
smoothing processing) in the spatial domain may be 
carried out by using a spatial<lomain filter, such as an 
unsharp mask filter. 

[0092] However, with the emphasis processing. using 
the spatial-domain filter, it is substantially impossible to 
carry out the correction (i.e., the emphasis or the 
smoothing) in every frequency band. Therefore, for 
example, in cases where the image information output 
device is a CRT display device, the visual characteris- 
tics of the image information (the image) displayed on 
the display device may be taken into consideration, and 
the correction may be carried out primarily for a fre- 
quency band, which is associated with the highest vis- 
ual response under ordinary image viewing conditions 
(e.g., a viewing position spaced 50cm apart from the 
displayed image). "Th Terefore, information representing 
the visual characteristics, viewing characteristics, and 
the like, may be received from the image information 
output device. Alternatively, means for storing the infor- 
mation representing such characteristics, or the like, 
may be provided. However, since there is a difference in 
visual characteristics between persons who view the 
images, ordinary visual characteristics may be set as a 
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the image information and depends upon standard 
response characteristics having been set previ- 
ously, 

ii) a response characteristics variation calculating 
means for calculating a variation component of the 
image from the standard response characteristics 
in cases where the image reproduced by the one 
image information output device is subjected to 
image size enlargement processing with a desired 
scale of enlargement or image size reduction 
processing with a desired scale of reduction, and 

iii) a correction means for correcting parameters, 
which define details of the transform processing 
carried out by the standardization means, such that 
the variation component may be compensated for. 

[0098] As described above for the seventh image 
processing system in accordance with the present 
~inventionrincases-wheretne~standardization-means- 
utilizes the Fourier transform and the inverse Fourier 
transform, the parameters, which define the details of 
the transform processing carried out by the standardiza- 
tion means, may be the profile information, which 
defines the aforesaid transform characteristics G, or the 
like. In cases where the standardization means utilizes 
the spatial-domain filter, the parameters, which define 
the details of the transform processing carried out by 
the standardization means, may be the filter factors, 
which define the unsharp mask filter, or the like. 
[0099] As another alternative, as in the ninth image 
processing system in accordance with the present 
invention, a correction means may correct the parame- 
ters (including those with filter factors, and the like) for 
interpolation processing, which define details of the 
interpolation processing accompanying the image size 
enlargement or reduction processing. 
[0100] Specifically, the present invention further pro- 
vides a ninth image processing system, to which at least 
one kind of image information input apparatus and at 
least one kind of image information output device are 
connected, 

the image processing system comprising: 

i) a standardization means for carrying out trans- 
form processing on image information and in 
accordance with response characteristics of one 
image information output device, into which the 
image information is to be fed, such that the image 
information may be reproduced by the one image 
information output device to be fed with the image 
information and as ah ~ image, which does not 
depend upon the response characteristics of the 
one image information output device to be fed with 
the image information and depends upon standard 
response characteristics having been set previ- 
ously, 

ii) a response characteristics variation calculating 
means for calculating a variation component of the 



image from the standard response characteristics 
in cases where the image reproduced by the one 
image information output device is subjected to 
image size enlargement processing with a desired 

5 scale of enlargement or image size reduction 

processing with a desired scale of reduction, and 
iii) a correction means for correcting parameters, 
which define details of interpolation processing 
accompanying the image size enlargement 

10 processing or accompanying the image size reduc- 
tion processing, such that the variation component 
may be compensated for. 

[01 01 ] The parameters, which define the details of the 

15 interpolation processing accompanying the image size 
enlargement processing or accompanying the image 
size reduction processing, may be ones representing 
the type of the interpolating operation (a first-order inter- 
polatingoperationrasecond-order^grarrg^TTtnterpa^ 

20 lating operation, a third-order B spline interpolating 
operation, a third-order cubic spline interpolating opera- 
tion, a spline interpolating operation which enables 
adjustment of sharpness, or the like), filter factors for the 
interpolating operation, and the like. 

25 [0102] The interpolation processing should preferably 
be carried out with an interpolating operation technique 
(i.e., a spline interpolating operation technique enabling 
adjustment of sharpness), which combines an interpo- 
lating operation process that yields a comparative high 

30 level of sharpness, such as a third-order cubic spline 
interpolating operation, and an interpolating operation 
process that yields a comparative low level of sharp- 
ness, such as a third-order B spline interpolating opera- 
tion. The spline interpolating operation technique 

35 enabling adjustment of sharpness is described in, for 
example, U.S. Patent Appln. Serial No. 08/679,830. 
[0103] The spline interpolating operation technique 
enabling adjustment of sharpness comprises the steps 
of: 

40 

i) obtaining an original image signal (image infor- 
mation), which represents an original image and is 
made up of a series of original image signal compo- 
nents Yij, 

45 ii) linearly combining interpolation coefficients Bij 
and Cij, which correspond to each other and are set 
for each of the original image signal components 
Yij, in two different interpolating functions f and g for 
obtaining two interpolation images having different 

so levels of sharpness, which functions are repre- 
sented by Formulas (1) and (2), the linear combina- 
tion being carried out with Formula (3). a new 
interpolation coefficient Aij being obtained from the 
linear combination, and 

55 iii) carrying out an interpolating operation on the 
original image signal components Yij by using an 
interpolating function h having the new interpolation 
coefficient Aij, which function is represented by For- 
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mula (4) 



f=lBij • Yij 
g=SCij • Yij 
Aij=(1-a)Bij+aCij 
h=ZAij • Yij 



0) 

(2) 5 

(3) 

(4) 



10 



in which i=1, 2, and j=1 t 2 

[0104] The coefficient a in Formula (3) is set to be one 
of atl real numbers including a range smaller than 0 
and/or a range larger than 1 . The correction means may 
correct the coefficient a, which is the weight factor for 15 
the weighting of the interpolation coefficients Bij and Cij. 
As the two different interpolating functions f and g, the 
third-order cubic spline interpolating operation function 



device or an LP) having inherent output device charac- 
teristics are connected, 

the image processing system comprising: 

i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 
every case where the image information has been 
received from one image information input appara- 
tus, which is among connected image information 
input apparatuses, the received image information 
may be transformed into standard image informa- 
tion, which does not depend upon the input device 
characteristics of the one image information input 
apparatus having fed the image information and 
depends upon standard device characteristics hav- 
ing been set previously, 

ii) a normalization processing means for carrying 



~and the third-order B spline interpolating operation func= = 
tion described above should preferably be employed. 20 
[01 05] In tenth, eleventh, twelfth, and thirteenth image 
processing systems in accordance with the present 
invention, with respect to image information having 
been received from an image information input appara- 
tus, processing for canceling the dependence upon 25 
input device characteristics of the image information 
input apparatus, normalization processing, image 
processing, and processing for canceling the depend- 
ence upon output device characteristics of an image 
information output device, into which the image informa- 30 
tion is to be fed, are carried out. Each of the tenth, elev- 
enth, twelfth, and thirteenth image processing systems 
in accordance with the present invention is character- 
ized by being provided with a filing means for appending 
profile information for each processing to the image 35 
information in a step prior to one of the aforesaid 
processings, the profile information being necessary for 
each of the subsequent processings. 
[0106] In a tenth image processing system in accord- 
ance with the present invention, the filing is carried out 40 
in a step prior to the processing for canceling the 
dependence upon input device characteristics. In an 
eleventh image processing system in accordance with 
the present invention, the filing is carried out in a step 
prior to the normalization processing. In a twelfth image 45 
processing system in accordance with the present 
invention, the filing is carried out in a step prior to the 
image processing. In a thirteenth image processing sys- 
tem in accordance with the present invention, the filing 
is carried out in a step prior to the processing for cance- so 
ling the dependence upon output device characteristics. 
[0107] Specifically, the present invention still further 
provides a tenth image processing system, to which at 
least one image information input apparatus (e.g., a CR 
apparatus, a CT scanner, an MR I apparatus, an Rl ss 
scanners, an ultrasonic imaging apparatus) having 
inherent input device characteristics and at least one 
image information output device (e.g., a CRT display 



~out~normalization-processing-for-normalizing-and- 
extracting image information, which is contained in 
the standard image information and corresponds to 
a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, 

iv) an output standardization means for carrying out 
transform processing on the image information, 
which has been obtained from the image process- 
ing, the transform processing being carried out 
such that, in every case where the image informa- 
tion, which has been obtained from the image 
processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 
by the one image information output device to be 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 
ing been set previously, and 

v) a filing means for appending pieces of profile 
information to the image information, which is fed 
into the input standardization means, the pieces of 
profile information comprising first profile informa- 
tion, which is necessary for defining details of the 
transform processing carried out by the output 
standardization means, second profile information, 
which is necessary for defining details of the image 
processing carried out by the image processing 
means, third profile information, which is necessary 
for defining details of the normalization processing 
carried out by the normalization processing means, 
and fourth profile information, which is necessary 
for defining details of the transform processing car- 
ried out by the input standardization means. 
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[01 08] The term "input device characteristics" as used 
herein for the tenth image processing system (and the 
eleventh, twelfth, and thirteenth image processing sys- 
tems) in accordance with the present invention has the 
same meaning as that described above. 5 
[0109] The term "output device characteristics" as 
used herein for the tenth image processing system (and 
the eleventh, twelfth, and thirteenth image processing 
systems) means, for example, the characteristics con- 
cerning response which are related to frequency char- 10 
acteristics, the characteristics concerning gradation that 
represent the correspondence relationship between 
input quantity, which may be represented by image sig- 
nal values (image information), or the like, and output 
quantity, which may be represented by luminance, 15 
image density, or the like. 

[0110] By way of example, the input standardization 
means may comprise: 



a) an input device characteristics detecting means 20 
for detecting the input device characteristics, upon 
which the received image information depends, 

b) an input device characteristics cancel processing 
means for canceling the dependence of the 
received image information upon the input device 25 
characteristics (the canceling being carried out for 
each image input modality, i.e., for each kind of the 
image information input apparatus), and 

c) an input standardization processing means for 
transforming the received image information, 30 
whose dependence upon the input device charac- 
teristics has been canceled, into the standard 
image information (with respect to each image input 
modality). 

35 

[01 1 1 ] Also, in order for the input device characteris- 
tics to be detected by the input device characteristics 
detecting means, for example, the kind of the modality 
of the image information input apparatus, which has fed 
the image information, and elements specifying the 40 
input device characteristics may be appended as sub- 
sidiary information to the image information. Alterna- 
tively, the information representing the kind of the 
modality of the image information input apparatus, 
which feeds the image information, and elements spec- 45 
ifying the input device characteristics may be stored in a 
memory, or the like, of the input standardization means, 
and the input device characteristics detecting means 
may read the stored information. In such cases, the ele- 
ments specifying the input device characteristics may so 
be profile information or parameter information, which 
directly defines the input device characteristics. Alterna- 
tively in cases where profile information of each image 
information input apparatus, or the like, is stored previ- 
ously in the input standardization means, the elements 55 
specifying the input device characteristics may be the 
information specifying the image information input 
apparatus which feeds the image information. 



[0112] As the processing of the input device charac- 
teristics cancel processing means for canceling the 
dependence upon the input device characteristics, the 
aforesaid processing for canceling the dependence 
upon the input device characteristics, which is 
employed in the input device characteristics cancel 
processing means in the first image processing system 
in accordance with the present invention, may be 
employed. 

[01 1 3] The standard characteristics of the system with 
respect to each modality may be fixed or may be set 
such that they can be altered to desired characteristics. 
[0114] The normalization processing is the process- 
ing, which is carried out with respect to the image infor- 
mation having been received from the image 
information input apparatus (in particular, a CR appara- 
tus) in order to adjust image processing conditions for 
appropriately processing an object image portion of 
interest in the image information -With the normalization^ 



processing, the object image portion is extracted appro- 
priately. Such normalization processing is described in, 
for example, U.S. Patent No. 5,272,339. 
[0115] As the image processing, frequency emphasis 
processing (including smoothing processing), gradation 
processing, image size enlargement or reduction 
processing (including interpolation processing), abnor- 
mal pattern detection processing, or the like, may be 
employed. 

[01 16] By way of example, the output standardization 
means may comprise: 

a) an output device characteristics detecting means 
for detecting the output device characteristics of the 
one image information output device to be fed with 
the image information, 

b) an output device characteristics cancel process- 
ing means for canceling the dependence of the 
image information, which is reproduced by the one 
image information output device, upon the output 
device characteristics of the one image information 
output device, and 

c) an output standardization processing means for 
transforming the image information, whose 
dependence upon the output device characteristics 
has been canceled, into image information, which 
depends upon standard characteristics having 
been set uniformly for the kind of the one image 
information output device. 

[0117] Also, in order for the output device characteris- 
tics to be detected by the output device characteristics 
detecting means, for example, elements specifying the 
output device characteristics may be received from the 
image information output device, which is to be fed with 
the image information. Alternatively, the elements spec- 
ifying the output device characteristics may be stored in 
a memory, or the like, of the output standardization 
means, and the output device characteristics detecting 
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means may read the stored information. In such cases, 
the elements specifying the output device characteris- 
tics may be profile information or parameter information, 
which directly defines the output device characteristics. 
Alternatively, in cases where profile information of each 
image information output device, or the like, is stored 
previously in the output standardization means, the ele- 
ments specifying the output device characteristics may 
be the information specifying the image information out- 
put device itself. 

[0118] By way of example, the processing of the out- 
put device characteristics cancel processing means for 
canceling the dependence upon the output device char- 
acteristics may be carried out with the technique 
described below. 

[0119] Specifically, in accordance with output device 
characteristics F having been detected by the output 
device characteristics detecting means, the output 

device characteristics cancerprocessing-means calcu-- 

lates transform characteristics G such that the output 
device characteristics F may become inverse transform 
G" 1 of the predetermined transform characteristics G. 
Thereafter, the output device characteristics cancel 
processing means carries out transform processing with 
the transform characteristics G. (As an aid in facilitating 
the explanation, the transform processing will hereinbe- 
low be referred to as the "inverse transform process- 
ing.") 

[01 20] Thereafter, the output standardization process- 
ing means carries out transform processing on the 
image information, which has been obtained from the 
inverse transform processing carried out with the trans- 
form characteristics G, and in accordance with prede- 
termined standard characteristics. 
[0121] The thus obtained image information is the 
information depending upon the standard characteris- 
tics and the transform characteristics G. However, since 
the image information has been subjected to the trans- 
form processing with the output device characteristics F 
(=G" 1 ) of the image information output device to be fed 
with the image information, the transform characteris- 
tics G of the aforesaid inverse transform processing and 
the output device characteristics F are canceled each 
other. Therefore, the image, which is reproduced by the 
image information output device, does not depend upon 
the output device characteristics F and depends upon 
the standard characteristics. 

[0122] In order for the inverse transform processing to 
be carried out, each time the output device characteris- 
tics F are detected by the output device characteristics 
detecting means, a table (an inverse transform table), 
which defines a profile of the inverse transform G, or the 
like, may be formed in accordance with the detected 
output device characteristics F. Thereafter, the inverse 
transform processing may be carried out in accordance 
with the table. Alternatively, the table may be stored pre- . 
viously, and the inverse transform processing may be 
carried out in accordance with the stored table. 



30 

[0123] Also, the transform processing carried out by 
the output standardization means need not necessarily 
pass through the aforesaid inverse transform process- 
ing, and direct transform into the standard characteris- 
5 tics may be carried out. 

[01 24] The standard characteristics of the system with 
respect to each image information output device may be 
fixed or may be set such that they can be altered to 
desired characteristics. 
10 [0125] The first profile information may be, for exam- 
ple, the information representing the output device char- 
acteristics of the image information output device, into 
which the image information is to be fed, or parameters, 
which define the output device characteristics. The first 
15 profile information may be other information, which ena- 
bles the output standardization means to determine the 
details of the transform processing to be carried out on 
the image information. 

[0126] The-second~profile-intormation may De. tor 

20 example, the information representing the gradation, 
the resolution, or the image size, which the visible 
image should have. The second profile information may 
be other information, which enables the image process- 
ing means to determine the details of the image 
25 processing to be carried out on the image information. 
[01 27] The third profile information may be, for exam- 
ple, index values (e.g., parameters corresponding to the 
read-out sensitivity and the latitude), which determine 
the range of the image information to be extracted. The 
30 third profile information may be other information, which 
enables the normalization processing means to deter- 
mine the details of the normalization processing to be 
carried out on the image information, 
[01 28] The fourth profile information may be, for exam- 
35 pie, the information representing the input device char- 
acteristics of the image information input device, which 
feeds the image information, or parameters, which 
define the input device characteristics. The fourth profile 
information may be other information, which enables the 
40 input standardization means to determine the details of 
the standardization processing to be carried out on the 
image information. 

[0129] The present invention also provides an elev- 
enth image processing system, to which at least one 
45 image information input apparatus having inherent input 
device characteristics and at least one image informa- 
tion output device having inherent output device charac- 
teristics are connected, 

so the image processing system comprising: 

i) an input standardization means for carrying" out 
transform processing on image information, the 
transform processing being carried out such that, in 
every case where the image information has been 
55 received from one image information input appara- 
tus, which is among connected image information 
input apparatuses, the received image information 
may be transformed into input standard image infor- 
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mation, which does not depend upon the input 
device characteristics of the one image information 
input apparatus having fed the image information 
and depends upon standard device characteristics 
having been set previously, 5 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 
extracting image information, which is contained in 
the input standard image information and corre- 
sponds to a desired image portion, 10 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, 

iv) an output standardization means for carrying out 15 
transform processing on the image information, 
which has been obtained from the image process- 
ing, the transform processing being carried out 

_ such that, in every case where the image infer ma- = 

tion, which has been obtained from the image 20 
processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 
by the one image information output device to be 25 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 30 
ing been set previously, and 

v) a filing means for appending pieces of profile 
information to the input standard image information, 
the pieces of profile information comprising first 
profile information, which is necessary for defining 35 
details of the transform processing carried out by 
the output standardization means, second profile 
information, which is necessary for defining details 

of the image processing carried out by the image 
processing means, and third profile information, 40 
which is necessary for defining details of the nor- 
malization processing carried out by the normaliza- 
tion processing means. 

[01 30] The present invention further provides a twelfth 45 
image processing system, to which at least one image 
information input apparatus having inherent input 
device characteristics and at least one image informa- 
tion output device having inherent output device charac- 
teristics are connected, so 

the image processing system comprising: 
i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 55 
every case where the image information has been 
received from one image information input appara- 
tus, which is among connected image information 



input apparatuses, the received image information 
may be transformed into input standard image infor- 
mation, which does not depend upon the input 
device characteristics of the one image information 
input apparatus having fed the image information 
and depends upon standard device characteristics 
having been set previously, 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 
extracting image information, which is contained in 
the input standard image information and corre- 
sponds to a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, 

iv) an output standardization means for carrying out 
transform processing on the image information, 

~ which has been obtained from the image~proeessF~ 
ing, the transform processing being carried out 
such that, in every case where the image informa- 
tion, which has been obtained from the image 
processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 
by the one image information output device to be 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 
ing been set previously, and 

v) a filing means for appending pieces of profile 
information to the image information, which has 
been normalized, the pieces of profile information 
comprising first profile information, which is neces- 
sary for defining details of the transform processing 
carried out by the output standardization means, 
and second profile information, which is necessary 
for defining details of the image processing carried 
out by the image processing means. 

[0131] The present invention still further provides a 
thirteenth image processing system, to which at least 
one image information input apparatus having inherent 
input device characteristics and at least one image 
information output device having inherent output device 
characteristics are connected, 

the image processing system comprising: 
i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 
every case where the image information has been 
received from one image information input appara- 
tus, which is among connected image information 
input apparatuses, the received image information 
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may be transformed into input standard image infor- 
mation, which does not depend upon the input 
device characteristics of the one image information 
input apparatus having fed the image information 
and depends upon standard device characteristics 5 
having been set previously, 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 
extracting image information, which is contained in 
the input standard image information and corre- to 
sponds to a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, 15 

iv) an output standardization means for carrying out 
transform processing on the image information, 
which has been obtained from the image process- 

~ ing~the transform processing being carried out ~ 
such that, in every case where the image informa- 20 
tion, which has been obtained from the image 
processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 25 
by the one image information output device to be 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 30 
depends upon standard device characteristics hav- 
ing been set previously, and 

v) a filing means for appending profile information 
to the image information, which has been obtained 
from the image processing, the profile information 35 
being first profile information, which is necessary 

for defining details of the transform processing car- 
ried out by the output standardization means. 

[0132] Further, the present invention provides image 40 
information filing methods for use in an image process- 
ing system wherein, with respect to image information 
having been received from an image information input 
apparatus, processing for canceling the dependence 
upon input device characteristics of the image informa- 45 
tion input apparatus, normalization processing, image 
processing, and processing for canceling the depend- 
ence upon output device characteristics of an image 
information output device, into which the image informa- 
tion is to be fed, are carried out. The image information so 
filing methods in an image processing system in accord- 
ance with the present invention is characterized by 
appending profile information for each processing to the 
image information in a step prior to one of the aforesaid 
processings, the profile information being necessary for 55 
each of the subsequent processings. 
[0133] In a first filing method in accordance with the 
present invention, the filing (i.e., the appending) is car- 



ried out in a step prior to the processing for canceling 
the dependence upon input device characteristics. In a 
second filing method in accordance with the present 
invention, the filing is carried out in a step prior to the 
normalization processing. In a third filing method in 
accordance with the present invention, the filing is car- 
ried out in a step prior to the image processing. In a 
fourth filing method in accordance with the present 
invention, the filing is carried out in a step prior to the 
processing for canceling the dependence upon output 
device characteristics. 

[01 34] Specifically, the present invention also provides 
a first image information filing method in an image 
processing system, to which at least one image infor- 
mation input apparatus having inherent input device 
characteristics and at least one image information out- 
put device having inherent output device characteristics 
are connected, the image processing system compris- 



ing: 



i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 
every case where the image information has been 
received from one image information input appara- 
tus, which is among connected image information 
input apparatuses, the received image information 
may be transformed into standard image informa- 
tion, which does not depend upon the input device 
characteristics of the one image information input 
apparatus having fed the image information and 
depends upon standard device characteristics hav- 
ing been set previously, 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 
extracting image information, which is contained in 
the standard image information and corresponds to 
a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, and 

iv) an output standardization means for carrying out 
transform processing on the image information, 
which has been obtained from the image process- 
ing, the transform processing being carried out 
such that, in every case where the image informa- 
tion, which has been obtained from the image 
processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 
by the one image information output device to be 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 
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ing been set previously, 

the image information filing method comprising: 
appending pieces of profile information to the 
image information, which is fed into the input stand- 
ardization means, the pieces of profile information 5 
comprising first profile information, which is neces- 
sary for defining details of the transform processing 
carried out by the output standardization means, 
second profile information, which is necessary for 
defining details of the image processing carried out w 
by the image processing means, third profile infor- 
mation, which is necessary for defining details of 
the normalization processing carried out by the nor- 
malization processing means, and fourth profile 
information, which is necessary for defining details 15 
of the transform processing carried out by the input 
standardization means. 

[0135] — The~presentinvention further provrdesasec- 

ond image information filing method in an image 20 
processing system, to which at least one image infor- 
mation input apparatus having inherent input device 
characteristics and at least one image information out- 
put device having inherent output device characteristics 
are connected, the image processing system compris- 25 
ing: 

i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 30 
every case where the image information has been 
received from one image information input appara- 
tus, which is among connected image information 
input apparatuses, the received image information 
may be transformed into input standard image infor- 35 
mation, which does not depend upon the input 
device characteristics of the one image information 
input apparatus having fed the image information 
and depends upon standard device characteristics 
having been set previously, 40 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 
extracting image information, which is contained in 
the input standard image information and corre- 
sponds to a desired image portion, 45 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, and 

iv) an output standardization means for carrying out so 
transform processing on the image information, 
which has been obtained from the image process- 
ing, the transform processing being carried out 
such that, in every case where the image informa- 
tion, which has been obtained from the image 55 
processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 



tion output devices, the image may be reproduced 
by the one image information output device to be 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 
ing been set previously, 

the image information filing method comprising: 
appending pieces of profile information to the input 
standard image information, the pieces of profile 
information comprising first profile information, 
which is necessary for defining details of the trans- 
form processing carried out by the output standard- 
ization means, second profile information, which is 
necessary for defining details of the image process- 
ing carried out by the image processing means, and 
third profile information, which is necessary for 
"defining details of the normatizatron~pracessing"car^ 
ried out by the normalization processing means. 

[0136] The present invention still further provides a 
third image information filing method in an image 
processing system, to which at least one image infor- 
mation input apparatus having inherent input device 
characteristics and at least one image information out- 
put device having inherent output device characteristics 
are connected, the image processing system compris- 
ing: 

i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 
every case where the image information has been 
received from one image information input appara- 
tus, which is among connected image information 
input apparatuses, the received image information 
may be transformed into input standard image infor- 
mation, which does not depend upon the input 
device characteristics of the one image information 
input apparatus having fed the image information 
and depends upon standard device characteristics 
having been set previously, 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 
extracting image information, which is contained in 
the input standard image information and 4 corre- 
sponds to a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on the image informa- 
tion, which has been normalized by the normaliza- 
tion processing means, and 

iv) an output standardization means for carrying out 
transform processing on the image information, 
which has been obtained from the image process- 
ing, the transform processing being carried out 
such that, in every case where the image informa- 
tion, which has been obtained from the image 
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processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 
by the one image information output device to be 5 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 10 
ing been set previously, 

the image information filing method comprising: 
appending pieces of profile information to the 
image information, which has been normalized, the 
pieces of profile information comprising first profile 75 
information, which is necessary for defining details 
of the transform processing carried out by the out- 
put standardization means, and second profile 
information, which is necessary tor defining details ~~ 
of the image processing carried out by the image 20 
processing means. 



[0137] The present invention also provides a fourth 
image information filing method in an image processing 
system, to which at least one image information input 25 
apparatus having inherent input device characteristics 
and at least one image information output device having 
inherent output device characteristics are connected, 
the image processing system comprising: 

30 

i) an input standardization means for carrying out 
transform processing on image information, the 
transform processing being carried out such that, in 
every case where the image information has been 
received from one image information input appara- 35 
tus, which is among connected image information 
input apparatuses, the received image information 
may be transformed into input standard image infor- 
mation, which does not depend upon the input 
device characteristics of the one image information 40 
input apparatus having fed the image information 
and depends upon standard device characteristics 
having been set previously, 

ii) a normalization processing means for carrying 
out normalization processing for normalizing and 45 
extracting image information, which is contained in 

the input standard image information and corre- 
sponds to a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on the image informa- 50 
tion, which has been normalized by the normaliza- 
tion processing means, and 

iv) an output standardization means for carrying out 
transform processing on the image information, 
which has been obtained from the image process- 55 
ing, the transform processing being carried out 
such that, in every case where the image informa- 
tion, which has been obtained from the image 



processing, is to be fed into and reproduced as a 
visible image by one image information output 
device, which is among connected image informa- 
tion output devices, the image may be reproduced 
by the one image information output device to be 
fed with the image information and as an image, 
which does not depend upon the output device 
characteristics of the one image information output 
device to be fed with the image information and 
depends upon standard device characteristics hav- 
ing been set previously, 

the image information filing method comprising: 
appending profile information to the image informa- 
tion, which has been obtained from the image 
processing, the profile information being first profile 
information, which is necessary for defining details 
of the transform processing carried out by the out- 
put standardization means. 



[0138] The present invention further provides an 
image output device, comprising: 

i) an image output means for reproducing a visible 
image from image information, which has been 
subjected to image processing carried out by 
assuming output gradation and is provided with 
subsidiary information representing the assumed 
output gradation, and 

ii) a gradation correcting means for correcting the 
gradation of the image information in accordance 
with the subsidiary information and output grada- 
tion characteristics of the image output means, the 
correction being made such that the gradation of 
the output image reproduced by the image output 
means may approximately coincide with the 
assumed output gradation. 

[01 39] In the image output device in accordance with 
the present invention, the gradation correcting means 
may be provided with a look-up table forming means for 
forming a gradation correction look-up table such that 
the gradation of the output image reproduced by the 
image output means may approximately coincide with 
the assumed output gradation, and 

the gradation correcting means may transform the 
gradation of the image information in accordance 
with the formed gradation correction look-up table. 

[0140] Alternatively, the gradation correcting means 
may comprise: 

a plurality of gradation correction look-up tables 
having different correction characteristics for cor- 
recting the gradation of the image information, and 
a selection means for selecting a gradation correc- 
tion look-up table, which is among the plurality of 
the gradation correction look-up tables and has the 



20 



39 



EP0 901 104 A2 



40 



correction characteristics such that the gradation of 
the output image reproduced by the image output 
means may become closest to the assumed output 
gradation. 

5 

[0141 J In the image output device in accordance with 
the present invention, the subsidiary information is the 
information, which is outputted (or inputted) by being 
appended to the image information. The subsidiary 
information may take on any form, which can define the io 
output gradation assumed at the time of the image 
processing. For example, the subsidiary information 
may be given as lattice point data of a look-up table 
(LUT) or as numerical information representing a y 
value, which defines the gradation characteristics. is 
[0142] With the first image processing system in 
accordance with the present invention, the standardiza- 
tion means cancels the dependence of the received 
image information upon the input device characteristics; 
and carries out the transform processing such that the 20 
received image information may be transformed into the 
image information, which depends upon the standard 
characteristics having been set previously for each 
image input modality. Therefore, in every case where 
the image information has been received from one 25 
image information input apparatus, within the range of 
the same kind of image input modality, the same image 
processing can be carried out on the image information 
without a difference in image information input appara- 
tus having fed the image information being taken into 30 
consideration. In this manner, approximately identical 
effects of the image processing can be obtained. Also, 
in cases where the image information having been 
obtained from the standardization means is fed into a 
single image information output device, an image with 35 
image quality giving an approximately identical impres- 
sion can be obtained. 

[0143] Accordingly, the person, who views the image, 
can view the image information, which has been 
obtained from each image information input apparatus, 40 
as an image having unified image quality without con- 
sidering what manufacturer produced the image infor- 
mation input apparatus having fed the image 
information and without considering a difference in type 
or version between the image information input appara- 45 
fuses in cases where they are of the same manufac- 
turer. As a result, in particular, the efficiency and 
accuracy of diagnosis of an illness can be enhanced. 
[0144] With the second image processing system in 
accordance with the present invention, the standardiza- so 
tion means cancels the dependence of the received 
image information upon the input device characteristics, 
and carries out the transform processing such that the 
received image information may be transformed into the 
image information, which depends upon the standard ss 
characteristics of the system that have been set previ- 
ously. Therefore, in every case where the image infor- 
mation has been received from one image information 



input apparatus, the same image processing can be 
carried out on the image information without a differ- 
ence in image information input apparatus having fed 
the image information and a difference in image input 
modality being taken into consideration. In this manner, 
approximately identical effects of the image processing 
can be obtained. Also, in cases where the image infor- 
mation having been obtained from the standardization 
means is fed into a single image information output 
device, an image with image quality giving an approxi- 
mately identical impression can be obtained. 
[0145] Accordingly, the person, who views the image, 
can view the image information, which has been 
obtained from each image information input apparatus, 
as an image, which has image quality conforming to a 
unified criterion, without considering what manufacturer 
produced the image information input apparatus having 
fed the image information and without considering 
"whetherthe image input modality is or is not the same. 
As a result, with diverse viewing, in particular, the effi- 
ciency and accuracy of diagnosis of an illness can be 
enhanced. 

[0146] With the third image processing system in 
accordance with the present invention, before the image 
information is fed into one of the image information out- 
put devices having inherent output device characteris- 
tics, the standardization means carries out the 
processing for canceling the output device characteris- 
tics of the image information output device to be fed with 
the image information. Also, the standardization means 
carries out the transform processing on the image infor- 
mation such that the image information may be trans- 
formed into the image information, which depends upon 
the standard characteristics having been set previously 
for each kind of the image information output device. 
Therefore, in every case where the image information 
(the image) is to be reproduced by one image informa- 
tion output device, within the range of the same kind of 
image information output device, an image having iden- 
tical image quality can be reproduced by the image 
information output device to be fed with the image infor- 
mation. 

[0147] Accordingly, the same image processing can 
be carried out on the image information without a differ- 
ence in image information output device to be fed with 
the image information being taken into consideration. In 
this manner, approximately identical effects of the 
image processing can be obtained. Also, the person, 
who views the image, can view the image, which is 
reproduced by each image information output device, 
as an image, which has image quality conforming to a 
unified criterion, without considering what manufacturer 
produced the image information output device to be fed 
with the image information and without considering a 
difference in type or version between the image infor- 
mation output devices in cases where they are of the 
same manufacturer. As a result, in particular, the effi- 
ciency and accuracy of diagnosis of an illness can be 
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enhanced. 

[0148] With the fourth image processing system in 
accordance with the present invention, before the image 
information is fed into one image information output 
device, the standardization means cancels the output 
device characteristics of the image information output 
d^ice to be fed with the image information. Also, the 
standardization means carries out the transform 
processing on the image information such that the 
image information may be transformed into the image 
information, which depends upon the standard charac- 
teristics of the system that have been set previously. 
Therefore, in every case where the image information 
(the image) is to be reproduced by one image informa- 
tion output device, the same image processing can be 
carried out on the image information without a differ- 
ence in image information output device to be fed with 
the image information and a difference in kind of the 
image information output device being taken into con- 
sideration. In this manner, approximately identical 
effects of the image processing can be obtained, and an 
image with image quality giving an approximately iden- 
tical impression can be obtained. 
[0149] Accordingly, the person, who views the image, 
can obtain an image, which has image quality conform- 
ing to a unified criterion, from each image information 
output device without considering what manufacturer 
produced the image information output device to be fed 
with the image information and without considering 
whether the kind of the image information output device 
is or is not the same. As a result, with diverse viewing, 
in particular, the efficiency and accuracy of diagnosis of 
an illness can be enhanced. 

[0150] With the fifth image processing system in 
accordance with the present invention, with respect to 
the image information, which has been received from 
one of image information input apparatuses having 
inherent input device characteristics and is to be fed into 
one of the image information output devices having 
inherent output device characteristics, before the image 
information is fed into the one image information output 
device, the standardization means carries out the 
processing for canceling the input device characteristics 
of the image information input apparatus having fed the 
image information and the output device characteristics 
of the image information output device to be fed with the 
image information. Also, the standardization means car- 
ries out the transform processing on the image informa- 
tion such that the image information may be 
transformed into the image information, which depends 
upon the standard characteristics of the system that 
have been set previously for each combination of the 
kind of the image input modality and the kind of the 
image information output device. Therefore, in every 
case where the image information has been received 
from one image input modality and is to be reproduced 
as an image by one image information output device, 
within the range of the same combination of the kind of 



the image input modality and the kind of the image infor- 
mation output device, an image having image quality 
conforming to a unified criterion can be reproduced by 
the image information output device to be fed with the 

5 image information. 

[0151] Accordingly, the same image processing can 
be carried out on the image information without a differ- 
ence in image information input apparatus having fed 
the image information and a difference in image infor- 

10 mation output device to be fed with the image informa- 
tion being taken into consideration. In this manner, 
approximately identical effects of the image processing 
can be obtained. Also, the person, who views the 
image, can view the image, which is reproduced by 

is each image information output device, as an image, 
which has image quality conforming to a unified crite- 
rion, without considering a difference in manufacturer, 
type, or version of the image information input appara- 
tus having ted the image information and a difference in 

20 manufacturer, type, or version of the image information 
output device to be fed with the image information. As a 
result, in particular, the efficiency and accuracy of diag- 
nosis of an illness can be enhanced. 
[0152] With the sixth image processing system in 

25 accordance with the present invention, with respect to 
the image information, which has been received from 
one of image information input apparatuses having 
inherent input device characteristics and is to be fed into 
one of the image information output devices having 

30 inherent output device characteristics, before the image 
information is fed into the one image information output 
device, the standardization means carries out the 
processing for canceling the input device characteristics 
of the image information input apparatus having fed the 

35 image information and the output device characteristics 
of the image information output device to be fed with the 
image information. Also, the standardization means car- 
ries out the transform processing on the image informa- 
tion such that the image information may be 

40 transformed into the image information, which depends 
upon the standard characteristics of the system that 
have been set uniformly regardless of the combination 
of the kind of the image input modality and the kind of 
the image information output device. Therefore, in every 

45 case where the image information has been received 
from one image input modality and is to be reproduced 
as an image by one image information output device, 
regardless of the combination of the kind of the image 
input modality and the kind of the image information out- 

50 put device, an image having image quality conforming 
to a unified criterion can be reproduced by the image 
information output device to be fed with the image infor- 
mation. 

[0153] Accordingly, the same image processing can 
55 be carried out on the image information without a differ- 
ence in image information input apparatus having fed 
the image information and a difference in image infor- 
mation output device to be fed with the image informa- 
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tion being taken into consideration. In this manner, 
approximately identical effects of the image processing 
can be obtained. Also, the person, who views the 
image, can view the image, which is reproduced by 
each image information output device, as an image, 
which has image quality conforming to a unified crite- 
rion, without considering a difference in kind of image 
input modality, manufacturer, type, or version of the 
image information input apparatus having fed the image 
information and a difference in kind, manufacturer, type, 
or version of the image information output device to be 
fed with the image information. As a result, in particular, 
the efficiency and accuracy of diagnosis of an illness 
can be enhanced. 

[0154] With the seventh image processing system in 
accordance with the present invention, the response 
characteristics variation calculating means calculates 
variation in response characteristics, which occurs due 
to tne image size enlargement or reduction processing, 
in accordance with the details of the image size enlarge- 
ment or reduction processing. Also, the correction 
means carries out the frequency emphasis processing 
(including the smoothing processing) on the image 
information and in accordance with the variation in 
response characteristics. Therefore, an image, which 
has been compensated for the variation in response 
characteristics due to the image size enlargement or 
reduction processing, can be reproduced by the image 
information output device. 

[0155] With the eighth image processing system in 
accordance with the present invention, the response 
characteristics variation calculating means calculates 
variation in response characteristics, which occurs due 
to the image size enlargement or reduction processing, 
in accordance with the details of the image size enlarge- 
ment or reduction processing. Also, the correction 
means corrects the processing parameters (including 
those with the filter factors, or the like) for the transform 
processing, which is carried out on the image informa- 
tion by the standardization means, in accordance with 
the variation in response characteristics. Therefore, an 
image, which has been compensated for the variation in 
response characteristics due to the image size enlarge- 
ment or reduction processing, can be reproduced by the 
image information output device. 
[0156] With the ninth image processing system in 
accordance with the present invention, the response 
characteristics variation calculating means calculates 
variation in response characteristics, which occurs due 
to the image size enlargement or reduction processing, 
in accordance with the details of the image size enlarge- 
ment or reduction processing. Also, the correction 
means corrects the parameters (including those with 
the filter factors, or the like), which are utilized for the 
interpolation processing accompanying the image size 
enlargement or reduction processing carried out on the 
image information, in accordance with the variation in 
response characteristics. Therefore, an image, which 



has been compensated for the variation in response 
characteristics due to the image size enlargement or 
reduction processing, can be reproduced by the image 
information output device 

5 [0157] Also, with each of the seventh, eighth, and 
ninth image processing systems in accordance with the 
present invention, the standardization means carries 
out the transform processing on the image information, 
such that the image information may be reproduced by 

io one image information output device to be fed with the 
image information and as a visible image, which does 
not depend upon the response characteristics of the 
one cage information output device to be fed with the 
image information and depends upon the standard 

is characteristics having been set uniformly for the sys- 
tem. Therefore, the image quality of the reproduced 
image can be determined uniformly. Accordingly, in par- 
ticular, the efficiency and accuracy of diagnosis of an ill - 
ness can be prevented from becoming low due to the 

20 occurrence of a difference in image quality between 
reproduced images. 

[01 58] With the tenth, eleventh, twelfth, and thirteenth 
image processing systems and the first, second, third, 
and fourth image information filing methods in an image 

25 processing system in accordance with the present 
invention, in the image processing system wherein, with 
respect to the image information having been received 
from an image information input apparatus, the 
processing for canceling the dependence upon the 

30 input device characteristics of the image information 
input apparatus, the normalization processing, the 
image processing, and the processing for canceling the 
dependence upon the output device characteristics of 
an image information output device, into which the 

35 image information is to be fed, are carried out, the pro- 
file information, which is necessary for each of subse- 
quent processings, is appended to the image 
information in a step prior to one of the aforesaid 
processings. Therefore, in a subsequent processing 

40 means or a subsequent processing step, the profile 
information appended to the image information can be 
read, and the details of the processing to be carried out 
can be determined from the profile information. 
[0159] With the image output device in accordance 

45 with the present invention, the gradation of the image 
information is corrected in accordance with the grada- 
tion information, which represents the output gradation 
assumed at the time of image processing, and the out- 
put gradation characteristics of the image output 

so means, which constitutes the image output device. The 
correction is made such that the gradation of the output 
image, which is ultimately reproduced by the image out- 
put device, may approximately coincide with the output 
gradation, which was intended at the time of the image 

55 processing. Therefore, regardless of the inherent grada- 
tion characteristics of the image output device, the gra- 
dation, which was intended at the time of the image 
processing, can be obtained. Specifically, in cases 
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45 

where the assumed output gradation varies for different 
images, an appropriate correction of gradation can be 
made with respect to each image, and therefore each 
image can be reproduced with the assumed output gra- 
dation. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0160] 

10 

Figure 1 is a conceptual view showing an open net- 
work 100, in which an embodiment of the image 
processing system in accordance with the present 
invention is employed, 

Figure 2 is a block diagram showing an embodi- 15 
ment of the first image processing system in 
accordance with the present invention, 
Figure 3A is a graph showing gradation characteris- 
tics of a first CR apparatus, 

Figure 3B is a graph showing gradation characteris- 20 
tics of a second CR apparatus, 
Figures 4A, 4B, and 4C are explanatory graphs 
showing how transform processing for gradation 
characteristics is carried out by a standardization 
means on image information, which has been 25 
received from the first CR apparatus, 
Figures 5A, 5B. and 5C are explanatory graphs 
showing how gradation characteristics transform 
processing is carried out by a standardization 
means on image information, which has been 30 
received from the second CR apparatus, 
Figures 6A and 6B are explanatory graphs showing 
how frequency emphasis processing is carried out, 
Figure 7 is an explanatory graph showing how a 
modulation transfer function is obtained from data 35 
having been obtained discretely, 
Figures 8A, 8B, 8C, and 8D are block diagrams 
showing different embodiments of the first image 
processing system in accordance with the present 
invention, 40 
Figures 9A, 9B, 9C, and 9D are block diagrams 
showing further different embodiments of the first 
image processing system in accordance with the 
present invention, 

Figures 10A, 10B, 10C, and 10D are block dia- 45 
grams showing embodiments of the second image 
processing system in accordance with the present 
invention, 

Figure 1 1 is a block diagram showing an embodi- 
ment of the third image processing system in 50 
accordance with the present invention, 
Figures 12A and 12B are explanatory graphs show- 
ing how transform processing for a modulation 
transfer function is carried out by a standardization 
means on image information, which has been 55 
received from a first CR apparatus, 
Figures 13A, 13B, 13C, and 13D are block dia- 
grams showing different embodiments of the third 



image processing system in accordance with the 
present invention, 

Figures 14A, 14B, 14C, and 14D are block dia- 
grams showing further different embodiments of the 
third image processing system in accordance with 
the present invention, 

Figures 15A, 15B, 15C, and 15D are block dia- 
grams showing embodiments of the fourth image 
processing system in accordance with the present 
invention, 

Figure 16 is a block diagram showing an embodi- 
ment of the fifth image processing system in 
accordance with the present invention, 
Figures 17A, 17B, 17C, and 17D are explanatory 
graphs showing how processing for correcting a 
modulation transfer function is carried out by a 
standardization means, 

Figure 18 is a graph showing a response function 
MTF in =1.0 (constant), 

Figure 19 is a graph showing a frequency band, 
which is employed for frequency emphasis 
processing with a spatial-domain filter, 
Figures 20A and 20B are block diagrams showing 
different embodiments of the fifth image processing 
system in accordance with the present invention, 
Figures 21 A and 21 B are block diagrams showing a 
further different embodiment of the fifth image 
processing system in accordance with the present 
invention, 

Figures 22A and 22B are graphs showing a differ- 
ence in output device characteristics, 
Figure 23 is a block diagram showing an embodi- 
ment of the seventh image processing system in 
accordance with the present invention, 
Figures 24A and 24B are explanatory graphs show- 
ing how variation in response characteristics, which 
occur s due to image size enlargement or reduction 
processing carried out on image information having 
been transformed into image information depend- 
ing upon standard characteristics, is compensated 
for, 

Figure 25 is a block diagram showing an embodi- 
ment of the seventh image processing system in 
accordance with the present invention, in which an 
image information output device is provided with an 
image size enlargement Or reduction processing 
means, 

Figure 26 is a block diagram showing an embodi- 
ment of the eighth image processing system in 
accordance with the present invention, 
Figure 27 is a block diagram showing an embodi- 
ment of the ninth image processing system in 
accordance with the present invention, 
Figure 28 is a block diagram showing an embodi- 
ment of the tenth image processing system in 
accordance with the present invention, 
Figures 29A, 29B, and 29C are graphs showing 
gradation characteristics of a first CR apparatus, a 
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second CR apparatus, and a third CR apparatus, 
Figure 30A, 30B, and 30C are explanatory graphs 
showing how transform processing is carried out by 
an input standardization means. 
Figure 31 is a block diagram showing an embodi- 5 
ment of the eleventh image processing system in 
accordance with the present invention, 
Figure 32 is a block diagram showing an embodi- 
ment of the twelfth image processing system in 
accordance with the present invention, 10 
Figure 33 is a block diagram showing an embodi- 
ment of the thirteenth image processing system in 
accordance with the present invention, 
Figure 34 is a block diagram showing an embodi- 
ment of the image output device in accordance with is 
the present invention, and 

Figures 35A, 35B, and 35C are explanatory graphs 
showing how a gradation correction look-up table is 



difference in manufacturer. Therefore, in cases where 
the same image information (representing a radiation 
dose, or the like) is presented to the first CR apparatus 
11a, the second CR apparatus 11b, and the third CR 
apparatus 11c, pieces of image information, which are 
obtained from the CR apparatuses 11a, 11b, and 11c 
and fed into the open network 1 00, depend upon device 
characteristics of the CR apparatuses 11a, 11b, and 
11c. As a result, the pieces of image information, which 
are thus fed into the open network 100, have different 
gradation characteristics. 

[0168] The difference in input device characteristics, 
such as the gradation characteristics, occurs due to a 
difference in manufacturer of the image information 
input apparatus and due to various other factors, such 
as a difference in type of apparatus. The same prob- 
lems as those encountered with the CR apparatuses 
11a, 1 1b, and 1 1c also occur with the CT devices 12a 



and 12b, which belong to another image input modality. 
Further, output device characteristics vary between the 
CRT display devices 21a and 21b and between the LP's 
22a and 22b due to various factors, such as a difference 
in manufacturer of device and a difference in type of 
device. 

[01 69] The embodiment of the image processing sys- 
tem 30 will be described hereinbelow. The image 
processing-system 30 shown in Figure 1 has a constitu- 
tion shown in Figure 2. As illustrated in Figure 2, the 
image processing system 30 is provided with a stand- 
ardization means 31 for carrying out transform process- 
ing on the image information, which has been fed from 
one image information input apparatus among the 
image information input apparatuses 10 into the open 
network 100 and is to be fed into one image information 
output device among the image information output 
devices 20, such that the image information may be 
transformed into image information, which does not 
depend upon the gradation characteristics of the one 
image information input apparatus 10 having fed the 
image information and depends upon gradation charac- 
teristics of the system that have been set previously. 
[0170] The standardization means 31 comprises a 
device characteristics detecting means 32, an input 
device characteristics cancel processing means 33, and 
a standardization processing means 34. The device 
characteristics detecting means 32 detects the grada- 
tion characteristics of the image information input appa- 
ratus having fed the image information. The input device 
characteristics cancel processing means 33 cancels the 
dependence of the received image information upon the 
gradation characteristics of the image information input 
apparatus having fed the image information. The cance- 
ling is carried out with respect to each image input 
modality. The standardization processing means 34 
transforms the image information, whose dependence 
upon the gradation characteristics has been canceled, 
into standard image information with respect to each 
image input modality. 



formed in the embodiment of the image output 
device shown in Figure 34. so 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0161] The present invention will hereinbelow be 25 
described in further detail with reference to the accom- 
panying drawings. 

[0162] Figure 1 is a conceptual view showing an open 
network 100, in which an embodiment of the image 
processing system in accordance with the present 30 
invention is employed. 

[0163] In the open network 100, a group of image 
information input apparatuses 10 and a group of image 
information output devices 20 are connected to an 
embodiment 30 of the first image processing system in 35 
accordance with the present invention. The group of 
image information input apparatuses 10 comprises a 
plurality of kinds of image input modalities (i.e., CR 
apparatuses 1 1 , CT scanners 12, an MRI apparatus 13, 
an Rl Scanner 14, and the other image input modality 40 
15). The group of image information output devices 20 
comprises a plurality of kinds of image output devices 
(i.e., CRT display devices 21, LP's 22, and the other 
image output device 23). 

[0164] The open network 100 shown in Figure 1 takes 45 
on the bus form. However, the network may take on one 
of various other forms, such as a star form and a ring 
form. 

[0165] The CR apparatuses 11 include a first CR 
apparatus 1 1 a, a second CR apparatus 1 1b, and a third so 
CR apparatus 11c. The CT scanners 12 include a first 
CT scanner 12a and a second CT scanner 12b. 
[0166] The CRT display devices 21 include a first CRT 
display device 21a and a second CRT display device 
21b. LP's 22 include a first LP 22a and a second LP 22b. 55 
[0167] The first CR apparatus 11a, the second CR 
apparatus 1 1 b, and the third CR apparatus 1 1c have dif- 
ferent gradation characteristics due to, for example, a 
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[0171] Profile information, which directly defines the 
gradation characteristics of the image information input 
apparatus, is appended as subsidiary information to the 
image information, which is fed from the image informs 
tion input apparatus into the open network 100. There- 5 
fore, the gradation characteristics may be detected in 
accordance with the appended information. Accord- 
ingly, the detection of the gradation characteristics of 
the image information input apparatus having fed the 
image information, which detection is carried out by the 10 
device characteristics detecting means 32, is carried 
out by analyzing the profile information, which is 
appended to the received image information. 
[0172] The device characteristics detecting means 32 
may have a constitution such that the information for 15 
identifying all of the image information input appara- 
tuses connected to the open network 100 and profile 
information, which defines the gradation characteristics 
of each identified image information input apparatus, 
may be specified in a table, and such that the informa- 20 
tion representing the table may be stored in a memory, 
or the like. In such cases, instead of the profile informa- 
tion being appended as the subsidiary information, the 
information, which specifies the image information input 
apparatus that feeds the image information, may be 25 
appended to the image information. 
[0173] The processing for canceling the dependence 
of the image information upon the gradation character- 
istics of the image information input apparatus having 
fed the image information is carried out by the input 30 
device characteristics cancel processing means 33 in 
the manner described below. 

[0174] The image information, which is fed from the 
image information input apparatus 10 into the image 
processing system 30, is the one, which has been 35 
obtained from transform processing for defining the gra- 
dation characteristics that is carried out by the image 
information input apparatus 10 on image information 
presented to the image information input apparatus 10. 
(The image information presented to the image informa- 40 
tion input apparatus 10 is the raw data before being 
detected by the image information input apparatus 10 
and does not yet depend upon the input device charac- 
teristics of the image information input apparatus 10.) 
Therefore, inverse transform processing is carried out 45 
for restoring the image information before being 
detected by the image information input apparatus 10. 
The image information, which has been obtained from 
the inverse transform processing, is the raw image infor- 
mation and does not depend upon the input device so 
characteristics of the image information input apparatus 
10. Accordingly, the image information, which has been 
obtained from the inverse transform processing, is the 
one whose dependence upon the input device charac- 
teristics has been canceled. 55 
[01 75] In order for the inverse transform processing to 
be carried out, each time the gradation characteristics 
are detected by the device characteristics detecting 



means 32, a table (i.e., an inverse transform table), 
which defines the profile of the inverse transform 
processing, is formed in accordance with the detected 
gradation characteristics. As in the case of the aforesaid 
5 profile information, the inverse transform table, which 
corresponds to each image information input apparatus, 
may be prepared as a data base and stored previously. 
[01 76] How the image processing system 30 operates 
will be described hereinbelow. 
10 [0177] Firstly, for example, first image information, 
which has the gradation characteristics shown in Figure 
3A, is fed from the first CR apparatus 11a into the open 
network 100. The first image information, which has 
been fed into the open network 100, is fed into the cage 
15 processing system 30. 

[01 78] The first image information, which has been fed 
into the image processing system 30, is fed into the 
standardization means 31 of the image processing sys- 
tem 30. In accordance with the subsidiary information 
20 appended to the first image information, the device 
characteristics detecting means 32 analyzes the grada- 
tion characteristics of the image information input appa- 
ratus (i.e., the first CR apparatus 11a), which has fed 
the first image information. 
25 [0179] As a result of the analysis, the device charac- 
teristics detecting means 32 detects the gradation char- 
acteristics of the first CR apparatus 11a as the 
gradation characteristics having a profile shown in Fig- 
ure 4A. 

30 [0180] Thereafter, in accordance with the gradation 
characteristics of the first CR apparatus 11a having 
been detected by the device characteristics detecting 
means 32, the input device characteristics cancel 
processing means 33 forms an inverse transform table, 
35 which defines the inverse transform processing (as illus- 
trated in Figure 4B) such that the dependence of the 
first image information having fed into the open network 
100 upon the gradation characteristics of the first CR 
apparatus 11a may be canceled, Also, the input device 
40 characteristics cancel processing means 33 carries out 
the inverse transform processing on the first image 
information and in accordance with the inverse trans- 
form table. As a result of the inverse transform process- 
ing, the first image information is returned to the image 
45 information logE before being detected by the first CR 
apparatus 11a. 

[0181] Thereafter, the standardization processing 
means 34 transforms the image information logE, which 
has been returned to the state before being detected by 
50 the first CR apparatus 11a, into the standard image 
information, which depends upon the standard grada- 
tion characteristics of the system that have been set 
previously for the CR apparatuses 11. Specifically, the 
correspondence relationship between the input quantity. 
55 which is represented by the image information logE, 
and the output quantity, which is represented by digital 
signal values of 0 to 4,095, is set in accordance with the 
profile shown in Figure 4C, which defines the standard 
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gradation characteristics of the system and has been 
stored previously as the table representing the standard 
gradation characteristics. As the standard gradation 
characteristics of the system, different optimum charac- 
teristics have been set for different image input modali- 5 
ties, i.e., for the CR apparatuses 11, for the CT 
scanners 12, for the MRI apparatus 13, for the Rl scan- 
ner 14, and for the other image input modality 15. 
Therefore, with respect to pieces of image information, 
which have been received from the first CR apparatus 10 
11a, the second CR apparatus 11b, and the third CR 
apparatus 1 1c, the standard gradation characteristics of 
the system, which have been set for the CR appara- 
tuses 1 1 , are employed. With respect to pieces of image 
information, which have been received from the first CT 15 
scanner 12a and the second CT scanner 12b, the 
standard gradation characteristics of the system, which 
have been set for the CT scanners 12, are employed. 

-With respect to the image information, which has been 

received from the MRI apparatus 13, the standard gra- 20 
dation characteristics of the system, which have been 
set for the MRI apparatus 13, are employed. With 
respect to the image information, which has been 
received from the Rl scanner 14, the standard gradation 
characteristics of the system, which have been set for 2 5 
the Rl scanner 14, are employed. With respect to the 
image information, which has been received from the 
other image input modality 15, the standard gradation 
characteristics of the system, which have been set for 
the other image input modality 1 5, are employed. 30 
[0182] In the manner described above, the depend- 
ence of the first image information, which has been 
received from the first CR apparatus 11a, upon the gra- 
dation characteristics of the first CR apparatus 11a is 
canceled. The image information, which depends upon 35 
the standard gradation characteristics having been set 
for the image input modality of the CR apparatuses 11, 
is thereby obtained. 

[0183] With respect to second image information, 
which is received from the second CR apparatus 11b 40 
and has the gradation characteristics shown in Figure 
3B, processing is carried out in the manner described 
below. 

[0184] Specifically, the second image information, 
which has been fed into the image processing system 45 
30, is fed into the standardization means 31 of the 
image processing system 30. In accordance with the 
subsidiary information appended to the second image 
information, the device characteristics detecting means 
32 analyzes the gradation characteristics of the image so 
information input apparatus (i.e., the second CR appa- 
ratus 11b). which has fed the second image information. 
As a result of the analysis, the device characteristics 
detecting means 32 detects the gradation characteris- 
tics of the second CR apparatus 11b as the gradation 55 
characteristics having a profile shown in Figure 5A. 
[0185] Thereafter, the input device characteristics 
cancel processing means 33 forms an inverse transform 



table, which defines the inverse transform processing 
(as illustrated in Figure 5B) such that the dependence of 
the second image information upon the gradation char- 
acteristics of the second CR apparatus 1 1b may be can- 
celed. Also, the input device characteristics cancel 
processing means 33 carries out the inverse transform 
processing on the second image information and in 
accordance with the inverse transform table. The sec- 
ond image information is thereby returned to the image 
information logE before being detected by the second 
CR apparatus 11b. 

[0186] Thereafter, the standardization processing 
means 34 sets the correspondence relationship 
between the input quantity, which is represented by the 
image information logE having been returned to the 
state before being detected by the second CR appara- 
tus 11b, and the output quantity, which is represented 
by digital signal values of 0 to 4,095, in accordance with 
the profile shown in Figure 5c. 

[0187] In the manner described above, the depend- 
ence of the second image information, which has been 
received from the second CR apparatus 11b, upon the 
gradation characteristics of the second CR apparatus 
1 1b is canceled. The image information, which depends 
upon the standard gradation characteristics having 
been set for the image input modality of the CR appara- 
tuses 1 1, is thereby obtained. 

[0188] The first image information, which has been 
received from the first CR apparatus 11a, and the sec- 
ond image information, which has been received from 
the second CR apparatus 11b, are thus transformed 
into the image information, which does not depend upon 
the gradation characteristics of the corresponding CR 
apparatus and depends upon the standard gradation 
characteristics that are common to the CR apparatuses 
1 1 . Therefore, in cases where the same image process- 
ing [predetermined normalization processing (EDR 
processing), gradation processing, emphasis process- 
ing, abnormal pattern detection processing, or the like] 
is carried out on the image information, approximately 
identical effects of the image processing can be 
obtained. Also, in cases where the image information is 
fed into a single image information output device, e.g. 
the first CRT display device 21a, and reproduced as a 
visible image, the image can be viewed as an image 
having unified image quality. 

[0189] The image processing may be carried out on 
the image information after being processed at least by 
the input device characteristics cancel processing 
means 33. Alternatively, the image processing may be 
carried out on the standard image information after 
being processed by the standardization processing 
means 34. 

[0190] The operations described above can also be 
applied to the image information received from other 
image input modalities (for example, the image input 
modality including the first CT scanner 12a and the sec- 
ond CT scanner 12b). Therefore, the person, who views 



27 



BNSDOCID: <EP. 



.0901 104A2J_> 



53 



EP 0 901 104 A2 



54 



the image, can view the image information, which has 
been obtained from each of the image information input 
apparatuses 10, as an image having approximately 
identical image quality without considering, for example, 
what manufacturer produced the image information 5 
input apparatus having fed the image information. As a 
result, in particular, the efficiency and accuracy of diag- 
nosis of an illness can be enhanced, 
[0191] In this embodiment of the image processing 
system 30, the input device characteristics cancel 10 
processing means 33 and the standardization process- 
ing means 34 are formed as two independent constitu- 
tion elements. However, the first image processing 
system in accordance with the present invention is not 
limited to the constitution described above, and the 15 
input device characteristics cancel processing means 
33 and the standardization processing means 34 may 
be combined into a single standardization means. In 



mation and carries out frequency emphasis processing 
in the frequency domain such that a modulation transfer 
function MTFa, which supplements the amount of dete- 
rioration a, may be obtained with MTF in being taken as 
a reference (=1.0). The image information having been 
obtained from the emphasis processing is then sub- 
jected to inverse Fourier transform and thereby returned 
to the image domain. 

[0196] By the operations described above, the 
received image information, which depends upon the 
frequency characteristics MTF in of the first CR appara- 
tus 11a, is transformed into the image information, 
which depends upon the standard frequency character- 
istics MTF sys having been set for the CR apparatuses 
11. 

[01 97] In the manner described above, the frequency 
emphasis processing is carried out in the frequency 
domain with the Fourier transform. Alternatively, the fre- 



such cases, a standardization table may be formed by ~~ 
combining the inverse transform table, which is shown 20 
in Figure 4B (or Figure 5B), and the table representing 
the standard gradation characteristics, which is shown 
in Figure 4C (or Figure 5C), with each other. Alterna- 
tively, the single combined standardization means 
described above may be provided with the standardiza- 25 
tion table previously. The standard characteristics of the 
system, which have been set for each image input 
modality, need not necessarily be fixed and may be set 
such that they can be altered into desired characteris- 
tics in accordance with a request made from the image 30 
information output devices 20 or by using an input 
means provided in the image processing system 30. 
[0192] In the embodiment described above, the grada- 
tion characteristics are employed as the input device 
characteristics. Alternatively, characteristics concerning 35 
response related to frequency characteristics may be 
employed as the input device characteristics. 
[01 93] Specifically, for example, the frequency charac- 
teristics of the first CR apparatus 11 a. having fed the 
image information may be defined by a response tunc- 40 
tion MTFj n , which is shown in Figure 6A. Also, the stand- 
ard frequency characteristics having been set for the 
CR apparatuses 1 1 may be defined by a response func- 
tion MTF sys , which is indicated by the solid line in Figure 
6B. In such cases, a table representing the standard fre- 45 
quency characteristics defined by the response function 
MTF sys is stored in the standardization means 31 . The 
standardization means 31 calculates a difference a 
between the response function MTF sys and the 
response function MTF in (i.e., the difference between so 
the solid line and the broken line shown in Figure 6B). 
[0194] The difference a represents the amount of 
deterioration of the response function MTF in , which rep- 
resents the frequency characteristics of the first CR 
apparatus 1 1 a, with respect to the target response f unc- 55 
tion MTF sys . 

[0195] Therefore, the standardization means 31 car- 
ries out Fourier transform on the received image infor- 



quency emphasis processing may be carried out in the 
spatial domain by using a spatial -domain filter, such as 
an unsharp mask filter. 

[0198] With the correction processing using the spa- 
tial-domain filter, it is substantially impossible to carry 
out the emphasis in every frequency band. Therefore, 
for example, the visual characteristics may be taken into 
consideration, and the emphasis may be carried out pri- 
marily for a frequency band, which is associated with 
the highest visual response under ordinary image view- 
ing conditions. 

[0199] However, since there is a difference in visual 
characteristics between persons who view the images, 
ordinary visual characteristics may be set as a repre- 
sentative value, or the visual characteristics may be set 
for each person who views the images. 
[0200] In cases where the emphasis processing with 
the unsharp mask filter is employed, the image process- 
ing system may be provided with a reference table or a 
transform table, which represents filter factors that 
define the unsharp mask filter. Information representing 
the filter factors obtained from the table may be fed into 
the standardization means, and the standardization 
processing may thereby be carried out. Alternatively, 
the standardization means may be provided with the 
table as part of the constitution. 
[0201 ] The table described above is composed of dis- 
crete data, which represents the correspondence rela- 
tionship between the input quantity and the output 
quantity or represents parameters. For example, when 
the response function is taken as an example, data with 
respect to a frequency other than the correspondence 
data may be calculated by carrying out an interpolating 
operation on the data points, which are present as the 
discrete data, and with an equation of the first order or a 
higher order as indicated by the broken line in Figure 7. 
Alternatively, in lieu of the table, transform may be car- 
ried out with a function form. In such cases, for example, 
approximation may be made with a Gaussian function 
[MTF=exp(-aS) 2 , wherein S represents the frequency, 
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and a represents the parameter representing the width 
of the Gaussian function], and the parameter a of the 
function may be transmitted. 

[0202] In the embodiment described above, a plurality 
of kinds of the image input modalities and a plurality of 5 
the image information output devices are connected to 
the image processing system through the network. 
However, the first image processing system in accord- 
ance with the present invention is not limited to the 
aforesaid embodiment. For example, as illustrated in w 
Figures 8A, 8B, 8C, and 8D, at least two image informa- 
tion input apparatuses (e.g., the first CR apparatus 1 la 
and the second CR apparatus 11b), which belong to a 
single kind of image input modality (in the cases illus- 
trated, the image input modality of the CR apparatuses) is 
and have different input device characteristics, and at 
least one image information output device may be con- 
nected to the image processing system. Alternatively, 
~5s illustrated in Figures 9A, 9B, 9C, and 9D, a~pturatity 
of image input modalities (in the cases illustrated, the 20 
image input modality of the CR apparatuses and the 
image input modality of the CT scanners), in which one 
image input modality (in the cases illustrated, the image 
input modality of the CR apparatuses) includes at least 
two image information input apparatuses (e.g., the first 25 
CR apparatus 11a and the second CR apparatus 11b) 
having different input device characteristics, and at least 
one image information output device may be connected 
to the image processing system. 

[0203] Also, as illustrated in Figures 10A, 10B, 10C, 30 
an 10D, a plurality of image input modalities (in the 
cases illustrated, the image input modality of the CR 
apparatuses, the image input modality of the CT scan- 
ners, and the image input modality of the MR I appara- 
tus), each of which includes only one image information 35 
input apparatus, and at least one image information out- 
put device may be connected to the image processing 
system. Such an embodiment is not included in the 
scope of the first image processing system in accord- 
ance with the present invention and is included in the 40 
scope of the second image processing system in 
accordance with the present invention. In the second 
image processing system in accordance with the 
present invention, a plurality of image input modalities 
and at least one image information output device may 45 
be connected to the image processing system, and no 
limitation is imposed upon the number of the image 
information input apparatuses included in each of the 
image input modalities. 

[0204] As described above, the image processing sys- so 
terns 30 illustrated in Figures 10A, 10B, 10C. and 10D 
constitute the embodiments of the second image 
processing system in accordance with the present 
invention. Basically, the image processing systems 30 
are similar to the aforesaid embodiment of the first 55 
image processing system in accordance with the 
present invention. In the embodiments of the second 
image processing system in accordance with the 



present invention, the standardization means com- 
prises (a) a device characteristics detecting means for 
detecting the input device characteristics, upon which 
the received image information depends, (b) an input 
device characteristics cancel processing means for can- 
celing the dependence of the received image informa- 
tion upon the input device characteristics (the canceling 
being carried out for each image input modality), and (c) 
a standardization processing means for transforming 
the received image information, whose dependence 
upon the input device characteristics has been can- 
celed, into the standard image information, which 
depends upon Predetermined standard characteristics 
of the system that have been set regardless of the kinds 
of the image input modalities. The standardization 
means cancels the dependence of the received image 
information upon the input device characteristics and 
carries our the transform processing such that the 
^mage^otrnatioir-may-be-cfetatnedr-w^ 
upon the standard characteristics of the system that 
have been set previously regardless of whether the 
image input modalities are or are not the same. There- 
fore, in every case where the image information has 
been received from one image information input appa- 
ratus, the same image processing can be carried out on 
the image information without a difference in image 
information input apparatus having fed the image infor- 
mation and a difference in image input modality being 
taken into consideration. In this manner, approximately 
identical effects of the image processing can be 
obtained. Also, in cases where the image information 
having been obtained from the standardization means 
is fed into a single image information output device, an 
image with image quality giving an approximately iden- 
tical impression can be obtained. 
[0205] An embodiment of the third image processing 
system in accordance with the present invention will be 
described hereinbelow. As in the aforesaid image 
processing system 30, an image processing system 
130 illustrated in Figure 1 1 (and each of image process- 
ing systems which will be described later) is connected 
to the open network 100 shown in Figure 1 . 
[0206] The first CRT display device 21a and the sec- 
ond CRT display device 21b have different inherent 
modulation transfer functions, which are represented by 
response functions MTF out , due to a difference in man- 
ufacturer, and the like. Therefore, in cases where the 
same image information is fed into the first CRT display 
device 21a and the second CRT display device 21b, the 
pieces of image information (images), which are repro- 
duced by (displayed on) the CRT display devices 21a 
and 21b respectively depend upon the modulation 
transfer functions of the CRT display devices 21a and 
21b. Therefore, the two displayed images have different 
image quality The difference in image quality appears 
as a difference in impression given by the images. 
[0207] Besides the difference in manufacturer, the dif- 
ference in modulation transfer function also occurs due 
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to various other factors, such as a difference in type or 
version of the image information output device and a dif- 
ference in display size. The same problems as those 
with the CRT display devices 21a and 21b are also 
encountered between the first LP 22a and the second 5 
LP 22b. 

[0208] The image processing system 130, which is an 
embodiment of the third image processing system in 
accordance with the present invention, will be described 
hereinbelow. As illustrated in Figure 11, the image 10 
processing system 130 is provided with a standardiza- 
tion means 131 . In cases where the image information, 
which has been fed from one of the image information 
input apparatuses 10 into the open network 100, is to be 
fed into a specified image information output device, is 
which is among the image information output devices 
20, the standardization means 131 carries out transform 
processing on the image information and in accordance 
with the modulation transfer function MTF 0Ut of the 
image information output device 20, into which the 20 
image information is to be fed, and standard character- 
istics MTF sys of the system. The transform processing 
is carried out such that the image information may be 
reproduced by the image information output device 20 
as an image, which does not depend upon the modula- 25 
tion transfer function MTF out of the image information 
output device 20 to be fed with the image information 
and depends upon the standard characteristics MTF sys 
of the system that have been set uniformly for each kind 
of the image information output device to be fed with the so 
image information. 

[0209] How the standardization means 131 operates 
will hereinbelow be described in detail. 
[0210] In the aforesaid open network 100, a request 
for the output of the image information, which has been 35 
fed from one of the image information input apparatuses 
1 0 into the open network 1 00, may be made from one of 
the image information output devices 20 to the open 
network 100. How the processing is carried out in such 
cases will be described hereinbelow with reference to 40 
Figures 12A and 12B. 

[021 1 ] Figure 1 2A shows the modulation transfer func- 
tion MTF out of, for example, the first CRT display device 
21a. For example, a request for the output of the image 
information, which has been fed from one of the CR 45 
apparatuses 11 into the open network 100, is made 
from the first CRT display device 21a to the open net- 
work 100. In accordance with the request, the image 
information is fed into the first CRT display device 21a. 
A visible image representing the image information is so 
reproduced and displayed on the first CRT display 
device 21a. At this time, the visible image displayed on 
the first CRT display device 21 a depends upon the mod- 
ulation transfer function MTF out of the first CRT display 
device 21 a, into which the image information is fed from 55 
the open network 100. 

[021 2] Also, a request for the output of the image infor- 
mation, which has been fed from the CR apparatus 1 1 



into the open network 100, is made from the second 
CRT display device 21b to the open network 100. In 
accordance with the request, the image information is 
fed into the second CRT display device 21b. A visible 
5 image representing the image information is repro- 
duced and displayed on the second CRT display device 
21b. At this time, the visible image displayed on the sec- 
ond CRT display device 21b depends upon the modula- 
tion transfer function MTF out of the second CRT display 
10 device 21b, into which the image information is fed from 
the open network 100. 

[0213] When the visible image displayed on the first 
CRT display device 21a and the visible image displayed 
on the second CRT display device 21b are compared 
15 with each other, they give different impressions due to 
the difference in the modulation transfer function 
MTF 0Ut . Therefore, in cases where the same image* 
information, which has been received from a single 
image information input apparatus 10 (in the example 
20 described above, the CR apparatus 11), is fed into the 
image information output devices of the same kind (in 
this example, the CRT display devices 21), the images 
giving different impressions are obtained for different 
output device characteristics of the image information 
25 output devices 20 fed with the image information (in this 
example, the first CRT display device 21a and the sec- 
ond CRT display device 21b). In such cases, there is the 
risk that the results of diagnosis made by viewing the 
image displayed on the first CRT display device 21a and 
30 the results of diagnosis made by viewing the image dis- 
played on the second CRT display device 21b will 
become different from each other. 
[0214] The standardization means 131 carries out the 
transform processing such that the image information 
35 may be reproduced as the image, which depends upon 
the standard characteristics having been set uniformly 
for each kind of the image information output devices 
20. Specifically, it will often occur that the standard char- 
acteristics with respect to the CRT display devices 21 
40 and the standard characteristics with respect to the LP's 
22 are set as different characteristics. However, the 
standard characteristics with respect to the first CRT 
display device 21 a and the standard characteristics with 
respect to the second CRT display device 21b are set 
45 as the same characteristics. Also, the standard charac- 
teristics with respect to the first LP 22a and the standard 
characteristics with respect to the second LP 22b are 
set as the same characteristics. 
[0215] The information representing the standard 
so characteristics MTF 5ys , which have been set as the tar- 
get modulation transfer function for the image to be ulti- 
mately reproduced by the image information output 
device 20, is stored for each kind of the output devices 
in a storage region of the image processing system 130. 
55 The output device characteristics detecting means 132 
of the standardization means 131 receives the informa- 
tion, which represents the modulation transfer function 
MTF out (shown in Figure 12A) of the first CRT display 
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device 21a to be fed with the image information, from 
the image information output device 20 to be fed with 
the image information (i.e., the first CRT display device 
21a). 

[0216] Thereafter, in accordance with the output 5 
device characteristics MTF out , the output device charac- 
teristics cancel processing means 133 of the standardi- 
zation means 131 calculates transform characteristics 
G such that the output device characteristics MTF out 
may become inverse transform G* 1 of the predeter- 10 
mined transform characteristics G. Thereafter, the out- 
put device characteristics cancel processing means 133 
carries out transform processing with the transform 
characteristics G. (As an aid in facilitating the explana- 
tion, the transform processing will hereinbelow be 15 
referred to as the "inverse transform processing.") 
[0217] Thereafter, the standardization processing 
means 134 carries out transform processing on the 
image information, which has been obtained from the 
inverse transform processing carried out with the trans- 20 
form characteristics G, and in accordance with prede- 
termined standard characteristics. 
[0218] The thus obtained image information is the 
information depending upon the standard characteris- 
tics and the transform characteristics G. However, since 25 
the image information has been subjected to the trans- 
form processing with the output device characteristics 
MTF out (=G 1 ) of the first CRT display device 21a to be 
fed with the image information, the transform character- 
istics G of the aforesaid inverse transform processing 30 
and the output device characteristics MTF out are can- 
celed each other. Therefore, the image, which is repro- 
duced by the first CRT display device 21a, does not 
depend upon the output device characteristics MTF out 
and depends upon the standard characteristics. 35 
[0219] In the embodiment described above, the 
processing for canceling the dependence of the image 
information upon the output device characteristics of the 
image information output device is firstly carried out by 
the output device characteristics cancel processing 40 
means 133, and thereafter the transform processing in 
accordance with the standard characteristics is carried 
out by the standardization processing means 134. How- 
ever, the third image processing system in accordance 
with the present invention is not limited to the aforesaid 45 
embodiment. For example, as illustrated in Figure 12B, 
the standardization means 131 may calculate a differ- 
ence a between the standard characteristics MTF sys 
and the output device characteristics MTF out . 
[0220] The difference a represents the amount of so 
deterioration with respect to the target modulation trans- 
fer function (i.e., the standard characteristics MTF sys ). 
[0221] Therefore, the standardization means 131 car- 
ries out Fourier transform on the image information and 
carries out emphasis processing in the frequency 55 
domain such that a modulation transfer function MTFa, 
which supplements the amount of deterioration a, may 
be obtained with the output device characteristics 



MTF out being taken as a reference (=1.0). The image 
information having been obtained from the emphasis 
processing is then subjected to inverse Fourier trans- 
form and thereby returned to the image domain. The 
5 image information at this stage has been compensated 
for the output device characteristics MTF out of the first 
CRT display device 21a to be fed with the image infor- 
mation and depends upon the standard characteristics 
MTF sys . 

10 [0222] Accordingly, when the standardized image 
information is fed into the first CRT display device 21a 
and reproduced as a visible image by the first CRT dis- 
play device 21a, a visible image can be obtained, in 
which the dependence upon the characteristics MTF out 
15 has been canceled through the combination of the mod- 
ulation transfer function MTF 0Ut and which depends 
upon the standard characteristics MTF sys . 
[0223] In this manner, with the image processing sys- 
tern 130, in every case where the image intormation is 
20 fed into one of the image information output devices 20, 
the image ultimately reproduced by the image informa- 
tion output device 20 can be viewed as the image, which 
does not depend upon the modulation transfer function 
MTF out of each image information output device 20 and 
25 depends upon the standard characteristics having been 
set uniformly for each kind of the image information out- 
put devices. 

[0224] In the image processing system 130, the 
emphasis processing corresponding to the modulation 
30 transfer function MTFa, which supplements the amount 
of deterioration a with respect to the standard charac- 
teristics MTF sys , is carried out in the frequency domain 
with Fourier transform. However, the third image 
processing system in accordance with the present 
35 invention is not limited to the aforesaid embodiment, 
and emphasis processing with a spatial -domain filter 
may also be employed. 

[0225] Also, in this embodiment, the modulation trans- 
fer function is employed as the output device character- 
40 istics. Alternatively, the other characteristics concerning 
the image quality, such as gradation characteristics, 
may be employed as the output device characteristics. 
[0226] Further, in this embodiment, a plurality of kinds 
of the image information output devices and a plurality 
45 of kinds of the image input modalities are connected to 
the image processing system through the network. 
However, the third image processing system in accord- 
ance with the present invention is not limited to the 
aforesaid embodiment. For example, as illustrated in 
so Figures 13 A, 13B, 13C, and 13D, at least two image 
information output devices (e.g., the first LP 22a and the 
second LP 22b), which belong to a single kind of image 
information output devices, (in the cases illustrated, the 
LP's) and have different output device characteristics. 
55 and at least one image information input apparatus may 
be connected to the image processing system. Alterna- 
tively, as illustrated in Figures 14A, 14B, 14C, and 14D, 
a plurality of kinds of image information output devices 
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(in the cases illustrated, the LP and the CRT display 
device), in which one kind of the image information out- 
put device(in the cases illustrated, the LP)includes at 
least two image information output devices (e.g., the 
first LP 22a and the second LP 22b) having different 
output device characteristics, and at least one image 
information input apparatus may be connected to the 
image processing system. 

[0227] In cases where the third image processing sys- 
tem in accordance with the present invention has the 
functions for a file server as will be described later.it 
need not be connected to the image information input 
apparatus. 

[0228] The embodiment illustrated in Figure 1 1 may 
be modified such that the information representing 
standard characteristics MTF sys ' of the system, which 
have been set uniformly regardless of the kinds of the 
image information output devices 20, may be stored in 
the storage region of the image processing system 130. 
Also, the standardization means 131 may carry out the 
transform processing on the image information such 
that a difference a' between the output device charac- 
teristics MTF out of the image information output device 
to be fed with the image information and the standard 
characteristics MTF sys ' of the system may be supple- 
mented. Such a constitution constitutes an embodiment 
of the fourth image processing system in accordance 
with the precent invention. The embodiment of the 
fourth image processing system in accordance with the 
present invention can be applied to the cases where, as 
illustrated in Figures 15A, 15B, 15C, and 15D, a plurality 
of kinds of image information output devices (in the 
cases illustrated, the LP and the CRT display device) 
and at least one kind of image information input appara- 
tus are connected to the image processing system, and 
each kind of image information output device includes 
only one output device. With this embodiment, the 
images, which are reproduced by the LP 22a and the 
CRT display device 21 a. can be obtained as the images, 
which depend upon the standard characteristics MTF- 
sys' of *he system that have been set uniformly. There- 
fore, the same image processing can be carried out on 
the image information without a difference in image 
information output device to be fed with the image infor- 
mation and a difference in kind of the image information 
output device being taken into consideration. In this 
manner, approximately identical effects of the image 
processing can be obtained, and an image with image 
quality giving an approximately identical impression can 
be obtained. 

[0229] Figure 16 is a block diagram showing an 
embodiment of the fifth image processing system in 
accordance with the present invention. 
[0230] With reference to Figure 1 6, an image process- 
ing system 140 is provided with a standardization 
means 141. The standardization means 141 carries out 
transform processing on image information such that, in 
every case where the image information has been 



received from one image information input apparatus, 
which is among the plurality of the image information 
input apparatuses 10, and the image information is to 
be fed into one image information output device, which 

5 is among the plurality of the image information output 
devices 20, the image information may be reproduced 
by the one image information output device 20 to be fed 
with the image information and as a standard image, 
which does not depend upon the input device character- 

io istics MTFj n of the one image information input appara- 
tus 10 having fed the image information and the output 
device characteristics MTF out of the one image informa- 
tion output device 20 to be fed with the image informa- 
tion and depends upon standard device characteristics 

75 MTF sys having been set previously for the kind of the 
image input modality including the one image informa- 
tion input apparatus having fed the image information 
and for the kind of the one image information output 
device to befed with the imagielriforTnation. 

20 [0231] How the image processing system 140 oper- 
ates will hereinbelow be described in detail. 
[0232] As the target modulation transfer functions for 
the images ultimately reproduced by the image informa- 
tion output devices 20, information representing a plu- 

25 rality of sets of standard characteristics MTF 3y3 , each of 
which sets has been set previously for one combination 
of the kind of the image input modality and the kind of 
the image information output device, is stored in the 
storage region of the image processing system 140. 

30 The standardization means 141 receives the informa- 
tion, which represents the modulation transfer function 
MTF in (shown in Figure 1 7A) of the image information 
input apparatus 10 having fed the cage information into 
the open network 100, from the image information input 

35 apparatus 10. Also, the standardization means 141 
receives the information, which represents the modula- 
tion transfer function MTF out (shown in Figure 17B) of 
the image information output device 20 to be fed with 
the image information, from the image information out- 

40 put device 20. The standardization means 141 calcu- 
lates a combined modulation transfer function 
MTF a)1 (=MTF in xMTF 0Ut ) , which is shown in Figure 
17C. Also, the standardization means 141 selects the 
standard characteristics MTF sys , which specify the kind 

45 oi the modality of the image information input apparatus 
having fed the image information and the kind of the 
image information output device to be fed with the 
image information and which is adapted to the combina- 
tion of the kinds of them. 

so [0233] Further, as illustrated in Figure 1 7C, the stand- 
ardization means 141 calculates a difference a between 
the selected standard characteristics MTF sys and the 
combined modulation transfer function MTF alI . 
[0234] The difference a represents the amount of 

55 deterioration with respect to the target modulation trans- 
fer function (i.e., the standard characteristics MTF sys ). 
[0235] Therefore, the standardization means 141 car- 
ries out Fourier transform on the image information hav- 
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ing been fed from the image information input apparatus 
10 into the open network 100. Also, as illustrated in Fig- 
ure 17D, the standardization means 141 carries out 
emphasis processing in the frequency domain such that 
a modulation transfer function MTFa, which supple- 5 
ments the amount of deterioration a, may be obtained 
with the combined modulation transfer function MTF aM 
being taken as a reference (=1.0). The image informa- 
tion having been obtained from the emphasis process- 
ing is then subjected to inverse Fourier transform and 10 
thereby returned to the image domain. The image infor- 
mation at this stage has been compensated for the 
modulation transfer function MTF ln of the image infor- 
mation input apparatus 10 and the modulation transfer 
function MTF 0Ut of the image information output device 15 
20 to be fed with the image information. 
[0236] Accordingly, when the image information is fed 
into the image information output device 20 and repro- 
duced as a visible image by the image intormation ouF 
put device 20, a visible image can be obtained, in which 20 
the modulation transfer function MTF out has been com- 
bined and which depends upon the standard character- 
istics MTF sys . 

[0237] In this manner, with the image processing sys- 
tem 140, in every case where the image information has 25 
been received from one of the image information input 
apparatuses 10 in the open network 100 and is fed into 
one of the image information output devices 20, an 
image can be reproduced ultimately by the image infor- 
mation output device 20 fed with the image information, 30 
which image does not depend upon the modulation 
transfer function MTF in of the image information input 
apparatus 10 having fed the image information and the 
modulation transfer function MTF ou1 of the image infor- 
mation output device 20 and depends upon the stand- 35 
ard characteristics having been set in accordance with 
the combination of the kind of the image input modality 
having fed the image information and the kind of the 
image information output device fed with the image 
information. Therefore, the image quality of the images 40 
reproduced by the image information output devices 20 
can be determined uniquely under the uniform criterion. 
As a result, in particular, the efficiency and accuracy of 
diagnosis of an illness can be prevented from becoming 
low. Accordingly, for example, in the constitution ill us- 45 
trated in Figure 20A, in every case where the image 
information, which has been received from one of the 
CR apparatuses 1 1 a and 1 1 b, is fed into one of the LP's 
22a and 22b, the image ultimately reproduced by the LP 
22a or the LP 22b has the image quality having been set so 
under the uniform criterion. 

[0238] In cases where the input device characteristics 
are not clear or the dependence upon the input device 
characteristics is allowed, with respect to the input 
device characteristics, for example, the response func- 55 
tion may be set such that MTF in =1 .0 (constant) as illus- 
trated in Figure 18. Also, the gradation characteristics 
may be set such that yj n =10 (constant) (such setting 



means, for example, transform processing with a look- 
up table, in which the correspondence relationship 
between the output and the input is set such that the 
output may be equal to the input). 
[0239] In the image processing system 140, the 
emphasis processing corresponding to the modulation 
transfer function MTFa, which supplements the amount 
of deterioration a with respect to the standard charac- 
teristics MTF sys , is carried out in the frequency domain 
with Fourier transform. However, the fifth image 
processing system in accordance with the present 
invention is not limited to the aforesaid embodiment, 
and emphasis processing with a spatial -domain filter 
may also be employed. 

[0240] However, with the emphasis processing using 
the spatial-domain filter, it is substantially impossible to 
carry out an appropriate correction in every frequency 
band in every case. Therefore, for example, in cases 
where tne image information output device is a CRT dis- 
play device, a spatial-domain filter should preferably be 
selected by considering the visual characteristics of the 
visible image displayed on the display device. Specifi- 
cally, as in, fc-r example, a spatial -domain filter having 
the modulation transfer function indicated by the broken 
line in Figure 19, a spatial-domain filter should prefera- 
bly be set such that the standard characteristics MTF sys 
may be obtained with respect to a frequency band (in 
Figure 19, a frequency fs), which is associated with the 
highest visual response under ordinary image viewing 
conditions (e.g., a viewing position spaced 50cm apart 
from the displayed image). An example of the frequency 
emphasis processing with the spatial-domain filter will 
be described hereinbelow. 

[0241 ] In cases where the frequency band for correc- 
tion, which is set in accordance with the visual charac- 
teristics, is 1 .0 cycle/mm and the resolution of the image 
information output device in 0.23mm/pixel, it can be 
found from a calculation that, as for the image informa- 
tion output device, frequency fs=0.23mm/pixel at the 
frequency band fs. 

[0242] By way of example, MTF sys at the frequency fs 
may be 0.9, MTF in may be 1 .0 (in cases where a correc- 
tion in accordance with the image information input 
apparatus is not made), and MTF out may be 0.45. Also, 
the spatial-domain filter may be a filter having a size of 
three picture elements x three picture elements and 
having filter factors (1, 2, 1). Further, filter characteris- 
tics Sus of the spatial-domain filter at the frequency fs 
may be 0.6, and high-pass characteristics (Sorg-Sus) 
may be 0.4. In such cases, the formulas shown below 
obtain. 



a=MTF sy5 /MTF out =2.0 



a'=(a-1 )/high-pass characteristics=2.5 
s correction=Sorg+a'x(Sorg-Sus) 
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in which Sorg=MTF jn 
The aforesaid difference a can be calculated with the 
formula shown below. 

a=s Correction=2.0 
Therefore, the formula shown below obtains. 



MTF 



out xa=0.9 (=MTF sys ) 



Accordingly, ultimately, the image depending upon the 
standard characteristics MTF sys can be reproduced by 
the image information output device. 
[0243] The image processing system may be provided 
with a reference table or a transform table, which repre- 
sents the filter factors that define the spatial-domain fil- 
ter. Alternatively, in cases where the dependence upon 
the input device characteristics of the image information 



the correspondence relationship between the CT values 
and the image information (the detected image signal) 
corresponds to the gradation characteristics. As for the 
MRI apparatus 13, the correspondence relationship 
5 between the T1 emphasized image, the T2 emphasized 
image, or the hydrogen density image and the image 
information (the detected image signal) corresponds to 
the gradation characteristics. 

[0248] In the cases of the image information output 
10 devices, as for the CRT display devices 21 , the corre- 
spondence relationship between the image information 
(the given image signal) and the displayed luminance 
corresponds to the gradation characteristics. As for the 
LP's 22, the correspondence relationship between the 
15 image information (the given image signal) and the out- 
put image density corresponds to the gradation charac- 
teristics. As the gradation characteristics of the image 
information input apparatuses, y in may be employed. As 
the gradation characteristics of the image information 
20 output devices, y out may be employed. 

[0249] In cases where the standard characteristics are 
represented by y sys , ya satisfying the condition shown 
below may be calculated. 



input apparatus is not compensated for, the image infor- 
mation output device may be provided with the table. In 
such cases, when a request for the output of the image 
information is made from the image information output 
device, the information representing the filter factors 
may be fed into the standardization means 141 . 
[0244] The modulation transfer function MTF ln and the 
modulation transfer function MTF out , which are fed into 
the standardization means 141, may be transmitted in 
the form of the functions. Alternatively, data, which 
represents the correspondence relationship between 
the frequency (cycle/pixel) and the response, and 
information, which represents the resolution 
[dot(pixel)/inch,pixel/mm, or a pixel size], may be trans- 
mitted. 

[0245] In cases there discrete data is to be transmit- 
ted, data with respect to a frequency other than the cor- 
respondence data may be calculated by carrying out an 
interpolating operation on the data points, which are 
present as the discrete data, and with an equation of the 
first order or a higher order as indicated by the broken 
line in Figure 7. In cases where the function form is 
transmitted, for example, approximation may be made 
with a Gaussian function [MTF=exp(-aS) 2 , wherein S 
represents the frequency, and a represents the parame- 
ter representing the width of the Gaussian function], and 
the parameter a of the function may be transmitted. 
[0246] In this embodiment, the modulation transfer 
functions are employed as the input device characteris- 
tics of the image information input apparatus and the 
output device characteristics of the image information 
output device. Alternatively, for example, the gradation 
characteristics may be employed as the input and out- 
put device characteristics. 

[0247] Specifically, in the cases of the image informa- 
tion input apparatuses, as for the CA apparatuses 1 1 , 
the correspondence relationship between the logarith- 
mic value of the radiation dose and the image informa- 
tion (the detected image signal) corresponds to the 
gradation characteristics. As for the CT scanners 12, 
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Transform processing with ya may be carried out on the 
image information having been fed into the open net- 
work 100, and the image information having been 

30 obtained from the transform processing may be fed into 
the image information output device. 
[0250] Therefore, as in the cases of the modulation 
transfer function, the image processing system may set 
the target standard gradation characteristics for the 

35 entire System. Also, the standardization means may 
carry out the signal transform processing on the image 
information, which has been received from the image 
information input apparatus, such that the gradation 
characteristics of the image, which is ultimately repro- 

40 duced by the image information output device, may 
depend upon the standard gradation characteristics. 
The image information, which has been obtained from 
the transform processing, may be fed into the image 
information output device. 

45 [0251] The embodiment illustrated in Figure 16 may 
be modified such that the information representing 
standard characteristics MTF sys ' of the system, which 
have been set uniformly regardless of the kinds of the 
image information input apparatuses 10 and the kinds 

so of the image information output devices 20, may be 
stored in the storage region of the image processing 
system 140. Also, the standardization means 141 may 
carry out the transform processing on the image infor- 
mation such that a difference a' between the modulation 

55 transfer function MTF a(( , which is obtained by combining 
the input device characteristics MTF in of the image 
information input apparatus having fed the image infor- 
mation and the output device characteristics MTF ou , of 
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the image information output device to be fed with the 
image information, and the standard characteristics 
MTF sys ' o f tn e system may be supplemented. Such a 
constitution constitutes an embodiment of the sixth 
image processing system in accordance with the 5 
present invention. The embodiment of the sixth image 
processing system in accordance with the present 
invention can be applied to the cases where, as illus- 
trated in Figure 20B, a plurality of kinds of image infor- 
mation input apparatuses and a plurality of kinds of 10 
image information output devices are connected to the 
image processing system, each kind of image informa- 
tion input apparatus includes only one input apparatus, 
and each kind of image information output device 
includes only one output device. With this embodiment, 75 
for example, the image, which is reproduced by the CRT 
display device 21a from the image information having 
been received from the CR apparatus 11a, and the 
image, which is reproduc6d"by~the~tP~22a~from the 
image information having been received from the CT 2 o 
scanner 12a, can be obtained as the images, which 
depend upon the standard characteristics MTF syG ' of 
the system that have been set uniformly. Therefore, the 
same image processing can be carried out on the 
image information without a difference in image input 2 s 
modality having fed the image information and a differ- 
ence in image information output device to be fed with 
the image information being taken into consideration. In 
this manner, approximately identical effects of the 
image processing can be obtained, and an image with 30 
image quality giving an approximately identical impres- 
sion can be obtained. 

[0252] Figures 21 A and 21 B are block diagrams show- 
ing a further different embodiment of the fifth image 
processing system in accordance with the present 35 
invention. As in the cases of the image processing sys- 
tem 130 shown in Figure 11, an image processing sys- 
tem 140* illustrated in Figure 21A is connected to the 
open network 100 shown in Figure 1. As-illustrated in 
Figure 21 A, the image processing system 1 40* receives 40 
the image information from a file server 40, which con- 
stitutes a form of the image information input appara- 
tuses 10 and files a plurality of pieces of image 
information having been fed into the open network 100. 
[0253] For each of the pieces of image information 45 
(dat1, dat2, ...) having been received from the image 
information input apparatuses 10, the file server 40 
stores the image information dat, information represent- 
ing standard characteristics M ref as the target modula- 
tion transfer function for a visible image, which is so 
reproduced by one of the image information output 
devices 20 from the image information dat, and informa- 
tion representing a gamma value y re f as the target gra- 
dation characteristics. Also, in the file server 40, 
modulation transfer functions M A , M B , ... and gradation 55 
characteristics y A in y B , ... of the image information out- 
put devices 20 are filed for the respective image infor- 
mation output devices 20. 



[0254] As in the aforesaid image processing system 
140 provided with the standardization means 141, the 
image processing system 140' is provided with a stand- 
ardization means 141'. The standardization means 141* 
carries out correction processing on the filed image 
information dat (shown in Figure 21 B) and in accord- 
ance with the output device characteristics of the image 
information output device to be fed with the image infor- 
mation and the standard characteristics such that, in 
every case where one piece of image information dat, 
which is among the pieces of image information dat filed 
in the file server 40, is to be fed into one image informa- 
tion output device, which is among the image informa- 
tion output devices 20, an image may be reproduced by 
the one image information output device, which image 
does not depend upon the output device characteristics 
(modulation transfer function M A , M B , ... and gradation 
characteristics y A , y B , ...) of the one image information 
output device ted witn tne image information and 
depends upon the target standard characteristics hav- 
ing been set previously, e.g. standard characteristics 
M ref1 , and/or y rGf1 . 

[0255] Specifically, when a request for the output of 
predetermined image information, which is among the 
pieces of image information having been filed, is made 
from one image information output device 20 to the file 
server 40, a signal, which specifies the image informa- 
tion output device (devA, devB, ...) that makes the 
request for the output, is fed into the file server 40 
together with the request for the output. The file server 
40 specifies the image information output device, which 
has made the request in accordance with the signal. 
Also, in cases where the specified output device is, for 
example, devB, the file server 40 retrieves the output 
device characteristics (the modulation transfer function 
M B , the gradation characteristics y B ) of the specified 
output device from the filing data. 
[0256] Further, the file server 40 retrieves the 
requested image information (e.g., datl), reads the 
image information datl and the standard characteristics 
M refi. Yref-i. and feeds them into the standardization 
means 141*. 

[0257] The standardization means 141' carries out 
transform processing on the received image information 
in accordance with the same transform processing tech- 
nique as that in the aforesaid standardization means 
141 such that, when a visible image is reproduced from 
the requested image information by the image informa- 
tion output device 20 having made the request, the visi- 
ble image may be reproduced in accordance with the 
standard characteristics M ref1 and y ref1 . 
[0258] In cases where the input device characteristics 
are not clear or the dependence upon the input device 
characteristics is allowed, with respect to the modula- 
tion transfer function, it may be set such that MTF fn =1.0 
(constant) as illustrated in Figure 18 (such setting 
means, for example, transform processing with a look- 
up table, in which the correspondence relationship 
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between the output and the input is set such that the 
output may be equal to the input). Also, the gradation 
characteristics may be set such that y jn =1.0 (constant) 
in the formula Yj n *Y 0 ut x Y a =Ysys described above for 
the aforesaid embodiment (such setting means, for 
example, transform processing with a look-up table, in 
which the correspondence relationship between the 
output and the input is set much that the output may be 
equal to the input). In this manner, the same correction 
processing as in the aforesaid standardization means 
1 41 may be carried out. 

[0259] As described above, with the embodiment of 
the image processing system shown in Figure 21 A, in 
every case where one piece of image information, 
which is among the pieces of image information having 
been filed in the network, is fed into one of the image 
information output devises, a reproduced image can be 
obtained, which does not depend upon the output 



altered. 

[0264] An embodiment of the seventh image process- 
ing system in accordance with the present invention will 
be described hereinbelow. 

5 [0265] Figure 23 is a block diagram showing an 
embodiment of the seventh image processing system in 
accordance with the present invention. An image 
processing system 230, which is an embodiment of the 
seventh image processing system in accordance with 

10 the present invention, is provided with a standardization 
means 231, a response characteristics variation calcu- 
lating means 232, and a correction means 233 . In 
cases where the image information, which has been fed 
from one of the image information input apparatuses 10 

75 into the open network 100, is to be fed into a specified 
image information output device, which is among the 
image information output devices 20, the standardiza- 
tion means 231 carries out transform processing on the 



device characteristics of the one image information out- 
put device. The image quality of the reproduced image 
does not vary for different image information output 
devices. Therefore, in particular, the efficiency and 
accuracy of diagnosis of an illness can be prevented 
from becoming low. 

[0260] In this embodiment, the file server is provided 
as the one separate from the image processing system. 
Alternatively, the file server may constitute part of the 
image processing system. 

[0261] Also, in this embodiment, both of the modula- 
tion transfer function and the gradation characteristics 
are employed as the input and output device character- 
istics. Alternatively, at least either one of the modulation 
transfer function and the gradation characteristics may 
be employed as the input and output device characteris- 
tics. 

[0262] In the embodiments described above with ref- 
erence to Figures 11 through Figures 21 A, 21B, the 
information representing the input device characteris- 
tics of the image information input apparatuses and the 
information representing the output device characteris- 
tics of the image information output devices may be 
stored previously in the storage region, or the like, of the 
image processing system. Alternatively, the information 
representing the input device characteristics of each 
image information input apparatus may be fed into the 
image processing system together with the image infor- 
mation. Also, the information representing the output 
device characteristics of each image information output 
device may be fed into the image processing system 
together with the request for the output of the image 
information. 

[0263] As for the standard characteristics which are 
set previously, information representing fixed values 
may be stored in the image processing system or the. 
file server. Alternatively, the information representing 
the standard characteristics may be fed from the image 
processing system or the image information output 
devices such that the standard characteristics may be 



image information and in accordance with the modula- 

20 tion transfer function (the response characteristics) 
MTF out of the image information output device 20, into 
which the image information is to be fed, and standard 
characteristics MTF sys of the system. The transform 
processing is carried out such that the image informa- 

25 tion may be reproduced by the image information output 
device 20 as an image, which does not depend upon 
the modulation transfer function MTF out of the image 
information output device 20 to be fed with the image 
information and depends upon the standard character- 

30 istics MTF sys of the system that have been set uniformly 
for each kind of the image information output device to 
be fed with the image information. The response char- 
acteristics variation calculating means 232 calculates a 
variation component A M of a reproduced image from 

35 the standard characteristics MTF sys in cases where the 
image reproduced by the image information output 
device 20 is subjected to image size enlargement 
processing with a desired scale of enlargement or 
image size reduction processing with a desired scale of 

40 reduction. The correction means 233 carries out fre- 
quency emphasis processing on the image information 
such that the variation component AM may be compen- 
sated for. 

[0266] With respect to the modulation transfer function 
45 (response characteristics) as the output device charac- 
teristics, the standardization means 231 operates in the 
same manner as that described above with reference to 
Figures 1 2A and 1 2B for the standardization means 1 31 
shown in Figure 1 1 . A response characteristics detect- 
so ing means, which is a constitution element of the stand- 
ardization means 231 , corresponds to the output device 
characteristics detecting means 132 of the standardiza- 
tion means 131. A response characteristics cancel 
processing means, which is a constitution element of 
55 the standardization means 231 , corresponds to the out- 
put device characteristics cancel processing means 133 
of the standardization means 131. Also, a standardiza- 
tion processing means, which is a constitution element 
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of the standardization means 231, corresponds to the 
standardization processing means 134 of the standard- 
ization means 131. 

[0267] Row the response characteristics variation cal- 
culating means 232 operates will hereinbelow be 5 
described in detail. In this embodiment, the image 
processing system 230 itself is provided with an image 
size enlargement or reduction processing means for 
carrying out the image size enlargement or reduction 
processing and the interpolation processing, which 10 
accompanies the image size enlargement or reduction 
processing, on the image information. 
[0268] Information representing the desired scale of 
enlargement or reduction with respect to the image, 
which is to be reproduced by the image information out- is 
put device 20 fed with the image information, is fed 
directly into the image size enlargement or reduction 
processing means of the image processing system 230 



or is fed from the image information output device 20. 
The image size enlargement or reduction processing 20 
means of the image processing system 230 is provided 
with a filter factor table, in which the information repre- 
senting the filter factors for the interpolation processing 
in accordance with the scale of enlargement or reduc- 
tion has been stored previously. The information, which 25 
represents the filter factors for the interpolation process- 
ing in accordance with a specified scale of enlargement, 
is fed into the response characteristics variation calcu- 
lating means 232. In accordance with the received filter 
factors, the response characteristics variation calculat- 30 
ing means 232 calculates response characteristics 
MTF, which occur in cases where the image informa- 
tion depending upon the standard characteristics MTF- 
sys is subjected to the image size enlargement 
processing with the scale of enlargement The interpo- 35 
lation processing may be carried out with one of various 
interpolating operation techniques, such as a first-order 
interpolating operation, a second-order Lagrangean 
interpolating operation, & third-order B spline interpolat- 
ing operation, a third-order cubic spline interpolating 40 
operation, and a spline interpolating operation which 
enables adjustment of sharpness. The interpolation 
processing should preferably be carried out with an 
interpolating operation technique (i.e., a spline interpo- 
lating operation technique enabling adjustment of 45 
sharpness), which combines an interpolating operation 
process that yields a comparative high level of sharp- 
ness, such as a third-order cubic spline interpolating 
operation, and an interpolating operation process that 
yields a comparative low level of sharpness, such as a so 
third-order B spline interpolating operation. 
[0269] Ordinarily, as illustrated in Figure 24B, the 
response characteristics MTF' of the image information, 
which has been obtained from the image size enlarge- 
ment processing, deteriorates from the original stand- 55 
ard characteristics MTF sys shown in Figure 24A. 
[0270] The response characteristics variation calculat- 
ing means 232 calculates the variation component AM 



(=P) of the response characteristics MTF from the 
standard characteristics MTF sys and feeds the informa- 
tion, which represents the variation component AM, into 
the correction means 233. 

[0271 ] In accordance with the received variation com- 
ponent AM of the response characteristics MTF', the 
correction means 233 carries out the frequency empha- 
sis processing on the image information, which has 
been obtained from the transform processing and as the 
image information depending upon the standard char- 
acteristics, such that variation component AM may be 
compensated for. 

[0272] In the manner described above, the image 
information is obtained, which has been transformed so 
as not to depend upon the response characteristics of 
the image information output device to be fed with the 
image information and has then been compensated 
previously for the variation in response due to the image 



size enlargement or reduction processing. The image 
information, which has thus been corrected previously, 
is subjected to the image size enlargement or reduction 
processing carried out by the image size enlargement 
or reduction processing means. The image information 
having been obtained from the image size enlargement 
or reduction processing is fed into the image information 
output device 20. 

[0273] Therefore, with the image processing system 
230, in cases where the image information to be repro- 
duced by the image information output device is sub- 
jected to the image size enlargement or reduction 
processing carried out with a scale of enlargement or 
reduction desired by the user, a visible image can be 
obtained such that it may be of the standard character- 
istics, which do not depend upon the response charac- 
teristics of the image information output device and are 
approximately identical with the response characteris- 
tics obtained when no image size enlargement or reduc- 
tion processing is carried out. 

[0274] In the embodiment described above, the image 
processing system is provided with the image size 
enlargement or reduction processing means. However, 
the seventh image processing system in accordance 
with the present invention is not limited to the aforesaid 
embodiment. For example, as in an image processing 
system 240 illustrated in Figure 25. the image informa- 
tion output device 20 may be provided with the image 
size enlargement or reduction processing means. In 
cases where the seventh image processing system in 
accordance with the present invention is constituted in 
the manner shown in Figure 25, the response charac- 
teristics variation calculating means 232 may receive 
the information, which represents the filter factors that 
define the details of the interpolation processing, from 
the image information output device 20. 
[0275] In the aforesaid embodiments of the seventh 
image processing system in accordance with the 
present invention, the correction means 233 carries out 
the frequency emphasis processing on the image infor- 
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mation depending upon the standard response charac- 
teristics, such that the variation component from the 
standard response characteristics may be compen- 
sated tor. Alternatively, as in an image processing sys- 
tem 250 illustrated in Figure 26, in lieu of the correction 5 
means 233. a correction means 233' may be provided. 
The correction means 233* corrects the parameters, 
which define the details of the aforesaid transform 
processing carried out by the standardization means 
231, such that the variation component may be com- 10 
pensated for. With the image processing system 250 
shown in Figure 26, the same effects as those with the 
aforesaid embodiments can be obtained. The image 
processing system 250 shown in Figure 26 constitutes 
an embodiment of the eighth image processing system 15 
in accordance with the present invention. 
[0276] As another alternative, as in an image process- 
ing system 260 illustrated in Figure 27, in lieu of the cor- 
rection means 233 or 233*, a correction means 233" 
may be provided. The correction means 233" corrects 20 
the filter factors, which define the details of the interpo- 
lation processing that accompanies the image size 
enlargement or reduction processing carried out by the 
image size enlargement or reduction processing means 
of the image processing system or of the image infor- 25 
mation output device, such that the variation component 
may be compensated for. With the image processing 
system 260 shown in Figure 27, the same effects as 
those with the aforesaid embodiments can be obtained. 
The image processing system 260 shown in Figure 27 30 
constitutes an embodiment of the ninth image process- 
ing system in accordance with the present invention. 
[0277] An embodiment of the tenth image processing 
system in accordance with the present invention will be 
described hereinbelow. 35 
[0278] As illustrated in Figures 29A, 29B, and 29C, the 
first CR apparatus 11a, the second CR apparatus 11b, 
and the third CR apparatus 11c have different gradation 
characteristics (one kind of the input device characteris- 
tics) due to, for example, a difference in manufacturer. 40 
The gradation characteristics shown in each of Figures 
29A, 29B, and 29C constitute the profile information that 
defines the correspondence relationship between the 
logarithmic value logE (plotted on the horizontal axis) of 
the amount of emitted light, which corresponds to the 45 
radiation dose and is detected by the CR apparatus, 
and the digital signal values S (plotted on the vertical 
axis), which are obtained as the output of the CR appa- 
ratus. 

[0279] Figure 28 is a block diagram showing an so 
embodiment of the tenth image processing system in 
accordance with the present invention. An image 
processing system 330 illustrated in Figure 28 com- 
prises an input standardization means 331, a normali- 
zation processing means 332, an image processing 55 
means 333 , an output standardization means 334, and 
a filing means 335. The input standardization means 
331 carries out transform processing on image informa- 



tion such that, in every case where the image informa- 
tion has been received from one image information 
input apparatus 10 (e.g., one of the CR apparatuses 
11a, 11b, and 1ic), which is among the connected 
5 image information input apparatuses, the received 
image information may be transformed into standard 
image information, which does not depend upon the 
gradation characteristics of the CR apparatus having 
fed the image information and depends upon standard 
10 gradation characteristics having been set previously. 
The normalization processing means 332 carries out 
normalization processing for normalizing and extracting 
image information, which is contained in the standard 
image information and corresponds to a desired image 
is portion to be used. The image processing means 333 
carries out desired image processing, such as fre- 
quency processing or gradation processing, on the nor- 
malized image information. The output standardization 
means 334 carries out transform processing on the 
20 image information, which has been obtained from the 
image processing, such that, in every case where the 
image information, which has been obtained from the 
image processing, is to be fed into and reproduced as a 
visible image by one image information output device 
25 20, which is among the connected image information 
output devices, the visible image may be reproduced by 
the one image information output device 20 to be fed 
with the image information and as an image, which does 
not depend upon the modulation transfer function of the 
30 one image information output device 20 to be fed with 
the image information and depends upon a standard 
modulation transfer function having been set previously. 
The filing means 335 appends (i.e., files) pieces of pro- 
file information to the image information S, which is fed 
35 into the input standardization means 331 . The pieces of 
profile information comprises first profile information Pi , 
which is necessary for defining details of the transform 
processing carried out by the output standardization 
means 334, second profile information P2, which is nec- 
40 essary for defining details of the image processing car- 
ried out by the image processing means 333, third 
profile information P3, which is necessary for defining 
details of the normalization processing carried out by 
the normalization processing means 332, and fourth 
45 profile information P4, which is necessary for defining 
details of the transform processing carried out by the 
input standardization means 331. 
[0280] Specifically, the first profile information P1 may 
be the information (the output device characteristics 
>o representing the modulation transfer function MTF out 
(shown in Figure 12 A) of the image information output 
device 20 (e.g., the first CRT display device 21a), into 
which the image information is to be fed. In this exam- 
ple, the first profile information P1 is fed from the first 
J5 CRT display device 21a into the filing means 335. 

[0281] The second profile information P2 may be, for 
example, the information representing image process- 
ing parameters, such as the gradation, the resolution, or 
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the image size, which the visible image represented by 
the image information subjected to the processing 
should have. The second profile information P2 is fed by 
the operator, or the like, into the filing means 335. 
[0282] The third profile information P3 may be, for s 
example, the information representing index values 
(e.g., parameters corresponding to the read-out sensi- 
tivity and the latitude), which determine the range of the 
image information to be extracted. The third profile infor- 
mation P3 is fed by the operator, or the like, into the fil- io 
ing means 335 in accordance with an image recording 
menu (the portion of the object the image of which was 
recorded, the orientation in which the object lay when 
the image of the object was recorded, and the like), 
which was sat when the image information was is 
recorded by the CR apparatus 11 (e.g., the first CR 
apparatus 11a). 

[0283] The fourth profile information P4 may be, for 



by the first CR apparatus 11a, is fed through the open 
network 100 into the image processing system 330. 
[0288] The filing means 335 appends (files) the first 
profile information P1, the second profile information 
P2, the third profile information P3, and the fourth profile 
information P4 to the received image information S. 
[0289] The image information S, which has been 
appended with the first, second, third, and fourth pieces 
of profile information P1 , P2, P3, and P4, is fed into the 
input standardization means 331 . 
[0290] In order for the image information S to be trans- 
formed into standard image information, which does not 
depend upon the gradation characteristics (shown in 
Figure 30 A) of the first CR apparatus 1 1 a having fed the 
image information S and depends upon standard grada- 
tion characteristics (shown in Figure 30C) having been 
set previously, the input standardization means 331 
firstly forms a transform processing table (shown in Fig- 



example, the information representing parameters 
defining the gradation characteristics (the input device 20 
characteristics; shown in Figure 29A) of the first CR 
apparatus 11a, which is the image information input 
apparatus 10 that feeds the image information. The 
fourth profile information P4 is fed from the first CR 
apparatus 1 1a into the filing means 335. 25 
[0284] How the image processing system 330 oper- 
ates will be described hereinbelow. 
[0285] Firstly, the operator, or the like, feeds an 
instruction into the image processing system 330 such 
that predetermined image information having been 30 
detected by the first CR apparatus 11a may be dis- 
played on the first CRT display device 21a. Also, the 
operator, or the like, feeds the information (the second 
profile information P2), which represents the image 
processing parameters concerning the image quality to 35 
be obtained, and the information (the third profile infor- 
mation P3), which represents the parameters corre- 
sponding to the read-out sensitivity and the latitude in 
accordance with the image recording menu, into the 
image processing system 330. 40 
[0286] In accordance with the instruction for the dis- 
playing on the first CRT display device 21a, the image 
processing system 330 receives the information (the 
first profile information P1), which represents the output 
device characteristics of the first CRT display device 45 
21a, from the first CRT display device 21 a. The received 
first profile information P1 is fed into the filing means 
335. Also, in accordance with the instruction for the 
receiving of the image information having been 
detected by the first CR apparatus 11a, the image so 
processing system 330 receives the information (the 
fourth profile information P4), which represents the 
input device characteristics of the first CR apparatus 
11a, from the first CR apparatus 11a. The received 
fourth profile information P4 is fed into the filing means ss 
335. 

[0287] Also, in accordance with the aforesaid instruc- 
tion, the image information S, which has been detected 



ure 30B) in accordance with the fourth profile informa- 
tion P4, which has been appended to the image 
information S. The transform processing table serves to 
cancel the dependence of the image information S upon 
the gradation characteristics of the first CR apparatus 
11a. The input standardization means 331 carries out 
the transform processing on the image information S 
and in accordance with the formed transform process- 
ing table. Also, the input standardization means 331 
carries out the transform processing in accordance with 
the standard gradation characteristics shown in Figure 
30C, and image information S1 is thereby obtained. The 
image information S1, which is obtained from the input 
standardization means 331, does not depend upon the 
gradation characteristics of the first CR apparatus 11a 
and depends upon the standard gradation characteris- 
tics. 

[0291] Thereafter, the image information S1, which 
depends upon the standard gradation characteristics, is 
fed into the normalization processing means 332. 
[0292] In accordance with the third profile information 
P3, which is appended to the image information S1, the 
normalization processing means 332 carries out the 
normalization processing for appropriately extracting 
image information S2, which corresponds to an cage 
portion to be used. Therefore, the image information S2, 
which is obtained from the normalization processing 
means 332, is the information having been normalized 
in a predetermined manner. 

[0293] The image information S2, which has been nor- 
malized and depends upon the standard gradation 
characteristics, is fed into the image processing means 
333. 

[0294] In accordance with the second profile informa- 
tion P2, which is appended to the image information S2, 
the image processing means 333 carries out the image 
processing, which is related to the image quality to be 
obtained. Therefore, image information S3, which is 
obtained from the image processing means 333. is the 
information having been subjected to the predetermined 
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image processing. 

[0295] The image information S3 is then fed into the 
output standardization means 334. 
[0296] The output standardization means 334 forms a 
processing table (not shown) for the transform process- 5 
ing (emphasis processing) in accordance with the first 
profile information P1, which is appended to the image 
information S3. The processing table is utilized for car- 
rying out the transform processing such that a visible 
image, which does not depend upon the modulation 10 
transfer function MTF out (shown in Figure 1 2A) of the 
first CRT display device 21a to be fed with the image 
information and depends upon the standard character- 
istics MTF sys (shown in Figure 12B) having been set 
previously, may be displayed on the first CRT display is 
device 21a. The output standardization means 334 car- 
ries out the transform processing on the image informa- 
tion S3 and in accordance with the formed transform 
processing table, and image information S4 is thereby 
obtained. The image information S4, which is obtained 20 
from the output standardization means 334, is the infor- 
mation having been transformed such that, when it is 
fed into the first CRT display device 21a and reproduced 
as a visible image, the visible image may not depend 
upon the modulation transfer function MTF out of the first 25 
CRT display device 21a and may depend upon the 
standard characteristics MTF 8y6 . 
[0297] Therefore, when the image information S4 is 
fed into the first CRT display device 21 a and reproduced 
thereby as the visible image, the image information S4 30 
is subjected to transform processing in accordance with 
the modulation transfer function of the first CRT display 
device 21a, and the modulation transfer function of the 
first CRT display device 21 a is thereby canceled. 
[0298] The displayed visible image is the image, which 35 
does not depend upon the gradation characteristics of 
the first CR apparatus 11a having fed the image infor- 
mation and the frequency characteristics of the first 
CRT display device 21a fed with the image information. 
Also, the image has been subjected to the normalization 40 
processing appropriate for the viewing of the image por- 
tion to be used and has been subjected to the image 
processing desired by the operator, such as a medical 
doctor. Accordingly, an image can be obtained, which 
has good image quality and can serve as an effective 45 
tool in, particularly, the efficient and accurate diagnosis 
of an illness. 

[0299] Further, images, which are reproduced from 
the image information detected by the other CR appara- 
tuses 1 1 b, 1 1 c, and images, which are displayed on the so 
other CRT display device 21b, can also have the image 
quality in accordance with the uniformly set criterion. 
Therefore, the comparison of the images can be made 
easily. The feature also contributes to the enhancement 
of. particularly, the efficiency and the accuracy of diag- 55 
nosis of an illness. 

[0300] The embodiment of Figure 28 is the embodi- 
ment of the tenth image processing system in accord- 



ance with the present invention, in which the filing 
means 335 appends the first, second, third, and fourth 
pieces of profile information P1, P2, P3, and P4 to the 
image information S before being fed into the input 
5 standardization means 331. Alternatively, as in an 
image processing system 340 illustrated in Figure 31, 
the filing means 335 may append the first, second, and 
third pieces of profile information PI , P2, and P3 to the 
image information S1 before being fed into the normali- 
10 zation processing means 332 (i.e., the image informa- 
tion having already been subjected to the transform 
processing carried out by the input standardization 
means 331). With the image processing system 340, 
the same effects as those with the embodiment of Fig- 
15 ure 28 can be obtained. The image processing system 
340 illustrated in Figure 31 constitutes an embodiment 
of the eleventh image processing system in accordance 
with the present invention. In this embodiment, the input 
standardization means 331 carries out the transform 
20 processing on the image information S in accordance 
with the fourth profile information P4, which is fed 
through a route different from that of the image informa- 
tion S. 

[0301 ] Also, with each of an image processing system 
25 350 illustrated in Figure 32 and an image processing 
system 360 illustrated in Figure 33, the same effects as 
those with the embodiments of Figures-28 and 31 can 
be obtained. 

[0302] Specifically, in the image processing system 
30 350 illustrated in Figure 32, the filing means 335 
appends the first and second pieces of profile informa- 
tion P1 and P2 to the image information S2 before being 
fed into the image processing means 333 (i.e., the 
image information having already been subjected to the 
35 transform processing carried Out by the input standard- 
ization means 331 and the transform processing carried 
out by the normalization processing means 332). The 
image processing system 350 illustrated in Figure 32 
constitutes an embodiment of the twelfth image 
40 processing system in accordance with the present 
invention. In this embodiment, the input standardization 
means 331 carries out the transform processing on the 
image information S in accordance with the fourth pro- 
file information P4, which is fed through a route different 
45 from that of the image information S. Also, the normali- 
zation processing means 332 carries out the transform 
processing on the image information S1 in accordance 
with the third profile information P3, which is fed through 
a route different from that of the image information S1 . 
so [0303] In the image processing system 360 illustrated 
in Figure 23, the filing means 335 appends the first pro- 
file information P1 to the image information S3 before 
being fed into the output standardization means 334 
(i.e.. the image information having already been sub- 
55 jected to the transform processing carried out by the 
input standardization means 331, the transform 
processing carried out by the normalization processing 
means 332, and the image processing carried out by 
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the image processing means 333). The image process- 
ing system 360 illustrated in Figure 33 constitutes an 
embodiment of the thirteenth image processing system 
in accordance with the present invention. In this embod- 
iment the input standardization means 331 carries out 
the transform processing on the image information S in 
accordance with the fourth profile information P4, which 
is fed through a route different from that of the image 
information S. Also, the normalization processing 
means 332 carries out the transform processing on the 
image information S1 in accordance with the third pro- 
file information P3, which is fed through a route different 
from that of the image information S1. Further, the 
image processing means 333 carries out the image 
processing on the image information S2 in accordance 
with the second profile information P2, which is fed 
through a route different from that of the image informa- 
tion S2. 

[0304] An embodiment of the image output device in 
accordance with the present invention will be described 
hereinbelow. Figure 34 is a block diagram showing an 
embodiment of the image output device in accordance 
with the present invention. 

[0305] With reference to Figure 34, the image output 
device comprises an image input means 410 for obtain- 
ing image information (an image signal) SO from one of 
various apparatuses, such as CR apparatuses, CT 
scanners, and MRI apparatuses, which are connected 
to a network line. The image output device also com- 
prises an image processing means 420 for carrying out 
predetermined image processing on an image signal 
S1 , which is obtained from the image input means 410. 
The image output device further comprises a gradation 
correcting means 430 for correcting the gradation of an 
image signal S2, which is obtained from the image 
processing means 420. The image output device still 
further comprises an image output means 440 for repro- 
ducing a visible image from an image signal S3, whose 
gradation has been corrected by the gradation correct- 
ing means 430. The image information SO, which is fed 
into the image input means 410, is not limited to the 
medical image information detected by the CR appara- 
tuses, CT scanners, MRI apparatuses, or the like, and 
may be various other kinds of image information. 
[0306] The image processing means 420 carries out 
predetermined image processing on the image signal 
S1, which has been received from the image input 
means 410. In cases where the image processing need 
not be carried out, the image processing means 420 
may be omitted. In such cases, the image signal S1 may 
be fed directly from the image input means 41 0 into the 
gradation correcting means 430. 
[0307] The gradation correcting means 430 comprises 
a gradation information detecting section 432 for detect- 
ing gradation information, which is appended to the 
image signal S1 received from the image input means 
410, and an output characteristics storing section 434 
for storing information, which represents the gradation 



80 

characteristics of the image output means 440. The gra- 
dation correcting means 430 also comprises a grada- 
tion correction LUT forming section 436. The gradation 
correction LUT forming section 436 forms a gradation 
5 correction look-up table (gradation correction LUT) in 
accordance with the output gradation information, which 
has been detected by the gradation information detect- 
ing section 432, and the gradation characteristics of the 
image output means 440, which are stored in the output 
10 characteristics storing section 434. The gradation cor- 
rection LUT forming section 436 also corrects the gra- 
dation of the image signal S2, which is received from 
the image processing means 420, in accordance with 
the gradation correction LUT. 
is [0308] How the image output device operates will be 
described hereinbelow. The image signal SO, which is 
obtained from one of various apparatuses (such as CR 
apparatuses, CT scanners, and MRI apparatuses) con- 
nected to the network line, is appended with subsidiary 
information representing the output gradation, which 
was assumed when image processing was carried out 
in the apparatus. (The subsidiary information will here- 
inbelow be referred to as the "assumed output gradation 
information ") The assumed output gradation informa- 
tion may take on any form, which can define the output 
gradation assumed at the time of the image processing. 
For example, the assumed output gradation information 
may be given as lattice point data of a look-up table 
(LUT) or as a y value. 

[0309] The image input means 410 receives the 
image signal SO from one of the various kinds of appa- 
ratuses connected to the network line and feeds the 
image signal S1 into the image processing means 420 
and the gradation information detecting section 432 of 
the gradation correcting means 430. The assumed out- 
put gradation information D1 , which is appended to the 
image signal S1, is detected by the gradation informa- 
tion detecting section 432, and the assumed output gra- 
dation information D1 having been detected is fed into 
the gradation correction LUT forming section 436. The 
output characteristics storing section 434 stores the 
gradation characteristics information D2, which repre- 
sents the gradation characteristics of the image output 
means 440. The gradation characteristics information 
D2 is fed into the gradation correction LUT forming sec- 
tion 436. The gradation correction LUT forming section 
436 makes reference to the assumed output gradation 
information D1 and the gradation characteristics infor- 
mation D2 and forms the gradation correction LUT such 
that the gradation of the output image, which is ulti- 
mately reproduced by the image output device (i.e., by 
the image output means 440), may become identical 
with the gradation, which is represented by the 
assumed output gradation information D1. For example, 
the assumed output gradation information D1 may rep- 
resent the straight-line gradation characteristics as illus- 
trated in Figure 35A, and the gradation characteristics 
information D2 may represent the curved-line gradation 
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characteristics as illustrated in Figure 35B. In such 
cases, a gradation correction LUT, which represents the 
curved-line gradation characteristics illustrated in Fig- 
ure 35C, is formed such that, when the gradation char- 
acteristics shown in Figure 35B and the gradation 
characteristics shown in Figure 35C are combined 
together, the gradation characteristics shown in Figure 
35A may be obtained. 

[0310] In accordance with the thus formed gradation 
correction LUT, the gradation correction LUT forming 
section 436 corrects the gradation of the image signal 
S2, which has been fed into the gradation correction 
LUT forming section 436. The corrected image signal 
S3 is fed into the image output means 440. The image 
signal S3, which has been fed into the image output 
means 440, is reproduced as a visible image by the 
image output means 440. 

[0311] The image signal S3, which is fed into the 



teristics such that the gradation of the output image 
reproduced by the image output means 440 may 
become closest to the assumed output gradation repre- 
sented by the assumed output gradation information 

5 D1. Also, the gradation of the image signal, which has 
been fed into the gradation correcting means 430. may 
be corrected in accordance with the selected gradation 
correction look-up table. The image signal S3 having 
thus been corrected may be fed into the image output 

io means 440 and reproduced as a visible image by the 
image output means 440. In such cases, approximately 
the same effects as those with the embodiment shown 
in Figure 34 can be obtained. 

15 Claims 

1 . An image processing system, to which at least one 
kind of image input modality and at least one kind of 



30 



35 



image output means 440 in the manner described 
above, is the one whose gradation has been corrected 20 
by the gradation correction LUT forming section 436 
such that the output gradation may coincide with the 
assumed output gradation information D1. Therefore, 
the image reproduced by the image output means 440 
is reproduced with the output gradation identical with 25 
the assumed output gradation information D1. 
[031 2] Accordingly, with the image output device hav- 
ing the constitution described above, in every case, the 
gradation intended at the time of the image processing 
can be obtained. Specifically, in cases where the 
assumed output gradation varies for different images, 
an appropriate correction of gradation can be made with 
respect to each image, and therefore each image can 
be reproduced with the assumed output gradation. 
[031 3] In the embodiment of the image output device 
in accordance with the present invention, the gradation 
correction LUT forming section 436 of the gradation cor- 
recting means 430 makes reference to the assumed 
output gradation information D1 and the gradation char- 
acteristics information D2, which have been fed into the *o 
gradation correction LUT forming section 436, and 
forms the gradation correction LUT such that the grada- 
tion of the ultimately reproduced image may become 
identical with the assumed output gradation. However, 
the image output device in accordance with the present 45 
invention is not limited to the aforesaid embodiment. 
[0314] For example, instead of the gradation correc- 
tion LUT forming section 436 being provided, the grada- 
tion correcting means 430 may be provided with a 
plurality of gradation correction look-up tables, which so 
have different correction characteristics for correcting 
the gradation of the image signal S2 fed into the grada- 
tion correcting means 430, and a selection means for 
selecting a gradation correction look-up table from the 
plurality of the gradation correction look-up tables. In 55 
such cases, a gradation correction look-up table may be 
selected, which is among the plurality of the gradation 
correction look-up tables and has the correction charac- 



image information output device are connected, 

at least one kind of image input modality, which 
is among connected image input modalities, 
including a plurality of image information input 
apparatuses, which have different input device 
characteristics. 

the image processing system comprising: 
a standardization means for carrying out trans- 
form processing on image information, said 
transform processing being carried out such 
that, in every case where said image informa- 
tion has been received from one image infor- 
mation input apparatus, which is among the 
plurality of the image information input appara- 
tuses, said received image information may be 
transformed into standard image information, 
which does not depend upon the input device 
characteristics of said one image information 
input apparatus having fed said image informa- 
tion and depends upon standard device char- 
acteristics having been set previously for the 
image input modality including said one image 
information input apparatus having fed said 
image information. 

A system as defined in Claim 1 wherein said input 
device characteristics are characteristics concern- 
ing gradation of said image information. 

A system as defined in Claim 1 wherein said input 
device characteristics are characteristics concern- 
ing response of said image information. 

A system as defined in Claim 1 wherein said stand- 
ardization means comprises: 

a) a device characteristics detecting means for 
detecting said input device characteristics, 
upon which said received image information 
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depends, 

b) an input device characteristics cancel 
processing means for canceling the depend- 
ence of said received image information upon 
said input device characteristics, and s 

c) a standardization processing means for 
transforming said received image information, 
whose dependence upon said input device 
characteristics has been canceled, into said 
standard image information. io 

5. An image processing system, to which at least two 
kinds of image input modalities and at least one 
kind of image information output device are con- 
nected, 15 

the image processing system comprising: 
a standardization means for carrying out trans- 
form processing on image information, said 
transform processing being carried out such 20 
that, in every case where said image informa- 
tion has been received from an image informa- 
tion input apparatus belonging to one image 
input modality, which is among the connected 
image input modalities, said received image 25 
information may be transformed into standard 
image information, which does not depend 
upon input device characteristics of said image 
information input apparatus having fed said 
image information and depends upon standard 30 
device characteristics of the system that have 
been set previously. 



9. An image processing system, to which at least one 
kind of image input modality and at least one kind of 
image information output device are connected, 

at least one kind of image information output 
device, which is among connected image infor- 
mation output devices, including a plurality of 
image information output devices, which have 
different output device characteristics, 
the image processing system comprising: 
a standardization means for carrying out trans- 
form processing on cage information, which is 
to be fed into an image information output 
device, said transform processing being carried 
out such that, in every case where said image 
information is to be fed into one image informa- 
tion output device, which is among the plurality 
of the image information output devices, said 
image information may be reproduced by said* 
one image information output device to be fed 
with said image information and as a standard 
image, which does not depend upon the output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously for 
the kind of said one image information output 
device to be fed with said image information. 

10. A system as defined in Claim 9 wherein said output 
device characteristics are characteristics concern- 
ing gradation of said image information. 



6. A system as defined in Claim 5 wherein said input 
device characteristics are characteristics concern- 35 
ing gradation of said image information. 

7. A system as defined in Claim 5 wherein said input 
device characteristics are characteristics concern- 
ing response of said image information. 40 

8. A system as defined in Claim 5 wherein said stand- 
ardization means comprises: 



11. A system as defined in Claim 9 wherein said output 
device characteristics are characteristics concern- 
ing response of said image information. 

12. A system as defined in Claim 9 wherein said stand- 
ardization means-comprises: 

a) an output device characteristics detecting 
means for detecting said output device charac- 
teristics of said one image information output 
device to be fed with said image information, 

b) an output device characteristics cancel 
processing means for canceling the depend- 
ence of said image information, which is repro- 
duced by said one image information output 
device, upon said output device characteristics 
of said one image information output device, 
and 

c) a standardization processing means for 
transforming said image information, whose 
dependence upon said output device charac- 
teristics has been canceled, into image infor- 
mation, which depends upon standard 
characteristics having been set for the kind of 
said one image information output device. 



a) a device characteristics detecting means for 45 
detecting said input device characteristics, 
upon which said received image information 
depends, 

b) an input device characteristics cancel 
processing means for canceling the depend- so 
ence of said received image information upon 
said input device characteristics, and 

c) a standardization processing means for 
transforming said received image information, 
whose dependence upon said input device 55 
characteristics has been canceled, into said 
standard image information. 
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13. An image processing system, to which at feast one 
kind of image input modality and at least two kinds 
of image information output devices are connected, 

the image processing system comprising: 
a standardization means for carrying out trans- 
form processing on cage information, which is 
to be fed into an image information output 
device, said transform processing being carried 
out such that, in every case where said image 
information is to be fed into one image informa- 
tion output device, which is among the plurality 
of the image information output devices, said 
image information may be reproduced by said 
one image information output device to be fed 
with said image information and as a standard 
image, which does not depend upon output 
device characteristics of said one image infor- 



10 



15 



is among connected image input modalities, 
including a plurality of image information input 
apparatuses, which have different input device 
characteristics, 

at least one kind of image information output 
device, which is among connected image infor- 
mation output devices, including a plurality of 
image information output devices, which have 
different output device characteristics, 
the image processing system comprising: 
a standardization means for carrying out trans- 
form processing on image information, said 
transform processing being carried out such 
that, in every case where said image informa- 
tion has been received from one cage informa- 
tion input apparatus, which is among the 
plurality of the image information input appara- 
tuses, and said image information is to be fed 



14. 



mation output device to be fed with said image 
information and depends upon standard device 
characteristics of the system that have been 
set previously. 

A system as defined in Claim 13 wherein said out- 
put device characteristics are characteristics con- 
cerning gradation of said image information. 



15. A system as defined in Claim 13 wherein said out- 
put device characteristics are characteristics con- 
cerning response of said image information. 

16. A system as defined in Claim 13 wherein said 
standardization means comprises: 

a) an output device characteristics detecting 
means for detecting said output device charac- 
teristics of said one image information output 
device to be fed with said image information, 

b) an output device characteristics cancel 
processing means for canceling the depend- 
ence of said image information, which is repro- 
duced by said one image information output 
device, upon said output device characteristics 
of said one image information output device, 
and 

c) a standardization processing means for 
transforming said image information, whose 
dependence upon said output device charac- 
teristics has been canceled, into image infor- 
mation, which depends upon standard 
characteristics of the system that have been 
set previously 

17. An image processing system, to which at least one 
kind of image input modality and at least one kind of 
image information output device are connected, 



into one image information output device, 

20 which is among the plurality of the image infor- 

mation output devices, said image information 
may be reproduced by said one image informa- 
tion output device to be fed with said image 
information and as a standard image, which 

25 does not depend upon the input device charac- 

teristics of said one image information input 
apparatus having, fed said image information 
and the output device characteristics of said 
one image information output device to be fed 

30 with said image information and depends upon 

standard device characteristics having been 
set previously for the kind of the image input 
modality including said one image information 
input apparatus having fed said image informa- 

35 tion and for the kind of said one image informa- 

tion output device to be fed with said image 
information. 

18. A system as defined in Claim 1 7 wherein said input 
40 device characteristics are characteristics concern- 
ing gradation of said image information. 

1 9. A system as defined in Claim 1 7 wherein said input 
device characteristics are characteristics concern- 

45 ing response of said image information. 

20. A system as defined in Claim 17 wherein said out- 
put device characteristics are characteristics con- 
cerning gradation of said image information. 

50 

21. A system as defined in Claim 17 wherein said out- 
put device characteristics are characteristics con- 
cerning response of said image information. 

55 22. A system as defined in Claim 17 wherein said 
standardization means comprises: 



at least one kind of image input modality, which 



a) a device characteristics detecting means for 
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detecting said input device characteristics of 
said one image information input apparatus 
having fed said image information and said out- 
put device characteristics of said one cage 
information output device to be fed with said 5 
image information, 

b) a device characteristics cancel processing 
means for canceling the dependence of said 
image information, which has been received 
from said one image information input appara- 10 
tus and is reproduced by said one image infor- 
mation output device, upon said input device 
characteristics of said one image information 
input apparatus and said output device charac- 
teristics of said one image information output 15 
device, and 

c) a standardization processing means for 
transforming said image information, whose 
dependence upon said input device character- 
istics and said output device characteristics 20 
has been canceled, into image information, 
which depends upon standard characteristics 
having been set for the combination of the kind 

of the image input modality including said one 
image information input apparatus and the kind 25 
of said one image information output device. 



23. An image processing system, to which at least two 
kinds of image input modalities and at least two 
kinds of image information output devices are con- 30 
nected, 



24. A system as defined in Claim 23 wherein said input 
device characteristics are characteristics concern- 



ing gradation of said image information. 

25. A system as defined in Claim 23 wherein said input 
device characteristics are characteristics concern- 
ing response of said image information. 

26. A system as defined in Claim 23 wherein said out- 
put device characteristics are characteristics con- 
cerning gradation of said image information. 

27. A system as defined in Claim 23 wherein said out- 
put device characteristics are characteristics con- 
cerning response of said image information. 

28. A system as defined in Claim 23 wherein said 
standardization means comprises: 

a) a device characteristics detecting means for 
detecting said input device characteristics of 
said image information input apparatus having 
fed said image information and said output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information, 

b) a device characteristics cancel processing 
means for canceling the dependence of said 
image information, which has been received 
from said image information input apparatus 
and is reproduced by said one image informa- 
tion output device, upon said input device char- 
acteristics of said image information input 
apparatus and said output device characteris- 
tics of said one image information output 
device, and 

c) a standardization processing means for 
transforming said image information, whose 
dependence upon said input device character- 
istics and said output device characteristics 
has been canceled, into image information, 
which depends upon standard characteristics 
of the system that have been set previously. 

29. An image processing system, to which at least one 
kind of image information input apparatus and at 
least one kind of image information output device 
are connected, 

the image processing system comprising: 
i) a standardization means for carrying out 
transform processing on image information and 
in accordance with response characteristics of 
one image information output device, into 
which said image information is to be fed, such 
that said image information may be reproduced 
by said one image information output device to 
be fed with said image information and as an 
image, which does not depend upon the 
response characteristics of said one image 



the image processing system comprising: 
a standardization means for carrying out trans- 
form processing on image information, said 35 
transform processing being carried out such 
that, in every case where said image informa- 
tion has been received from an image informa- 
tion input -apparatus belonging to one image 
input modality, which is among the connected 40 
image input modalities, and said image infor- 
mation is to be fed into one image information 
output device, which is among the plurality of 
the image information output devices, said 
image information may be reproduced by said 45 
one image information output device to be fed 
with said image information and as a standard 
image, which does not depend upon input 
device characteristics of said image informa- 
tion input apparatus having fed said image so 
information and output device characteristics of 
said one image information output device to be 
fed with said image information and depends 
upon standard device characteristics that have 
been set previously. 55 
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information output device to be fed with said 
image information and depends upon standard 
response characteristics having been set previ- 
ously, 

ii) a response characteristics variation calculat- 
ing means for calculating a variation compo- 
nent of said image from said standard 
response characteristics in cases where said 
image reproduced by said one image informa- 
tion output device is subjected to image size 
enlargement processing with a desired scale of 
enlargement or image size reduction process- 
ing with a desired scale of reduction, and 

iii) a correction means for carrying out fre- 
quency emphasis processing on said image 
information such that said variation component 
may be compensated for. 



ing with a desired scale of reduction, and 
iii) a correction means for correcting parame- 
ters, which define details of said transform 
processing carried out by said standardization 
5 means, such that said variation component 

may be compensated for. 

32. An image processing system, to which at least one 
kind of image information input apparatus and at 
10 least one kind of image information output device 
are connected, 

the image processing system comprising: 
i) a standardization means for carrying out 
15 transform processing on image information and 

in accordance with response characteristics of 
one image information output device, into 
which said image information is to be fed, such 



30. A system as defined in Claim 29 wherein said 
response characteristics variation calculating 
means calculates response characteristics, which 
occur after said image size enlargement processing 
or said image size reduction processing, in accord- 
ance with parameters, which define details of inter- 
polation processing in accordance with said scale 
of enlargement or said scale of reduction, and said 
response characteristics variation calculating 
means thereby calculates said variation compo- 
nent 

31. An image processing system, to which at least one 
kind of image information input apparatus and at 
least one kind of image information output device 
are connected, 

the image processing system comprising: 

i) a standardization means for carrying out 
transform processing on image information and 
in accordance with response characteristics of 
one image information output device, into 
which said image information is to be fed, such 
that said image information may be reproduced 
by said one image information output device to 
be fed with said image information and as an 
image, which does not depend upon the 
response characteristics of said one image 
information output device to be fed with said 
image information and depends upon standard 
response characteristics having been set previ- 
ously, 

ii) a response characteristics variation calculat- 
ing means for calculating a variation compo- 
nent of said image from said standard 
response characteristics in cases where said 
image reproduced by said one image informa- 
tion output device is subjected to image size 
enlargement processing with a desired scale of 
enlargement or image size reduction process- 



that said image information may be reproduced 
20 by said one image information output device to 

be fed with said image information and as an 
image, which does not depend upon the 
response characteristics of said one image 
information output device to be fed with said 
25 image information and depends upon standard 

response characteristics having been set previ- 
ously, 

ii) a response characteristics variation calculat- 
ing means for calculating a variation compo- 

30 nent of said image from said standard 

response characteristics in cases where said 
image reproduced by said one image informa- 
tion output device is subjected to image size 
enlargement processing with a desired scale of 

35 enlargement or image size reduction process- 

ing with a desired scale of reduction, and 

iii) a correction means for correcting parame- 
ters, which define details of interpolation 
processing accompanying said image size 
enlargement processing or accompanying said 
image size reduction processing, such that 
said variation component may be compen- 
sated for. 

An image processing system, to which at least one 
image information input apparatus having inherent 
input device characteristics and at least one image 
information output device having inherent output 
device characteristics are connected, 

the image processing system comprising: 
i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
55 such that, in every case where said image 

information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
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tuses, said received image information may be 
transformed into standard image information, 
which does not depend upon the input device 
characteristics of said one image information 
input apparatus having fed said image informa- 
tion and depends upon standard device char- 
acteristics having been set previously, 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said standard image information 
and corresponds to a desired image portion, 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, 

iv) an output standardization means for carry- 
ing out transform processing on said image 



10 



15 



the image processing system comprising: 

i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
such that, in every case where said image 
information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be 
transformed into input standard image informa- 
tion, which does not depend upon the input 
device characteristics of said one image infor- 
mation input apparatus having fed said image 
information and depends upon standard device 
characteristics having been set previously, 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 



contained in said input standard image infor- 
mation and corresponds to a desired image 
portion, 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means. 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
image processing, said transform processing 
being carried out such that, in every case 
where said image information, which has been 
obtained from said image processing, is to be 
fed into and reproduced as a visible image by 
one image information output device, which is 
among connected image information output 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, and 

v) a filing means for appending pieces of profile 
information to said input standard image infor- 
mation, said pieces of profile information com- 
prising first profile information, which is 
necessary for defining details of said transform 
processing carried out by said output standard- 
ization means, second profile information, 
which is necessary for defining details of said 
image processing carried out by said image 
processing means, and third profile informa- 
tion, which is necessary for defining details of 
said normalization processing carried out by 
said normalization processing means. 

35. An image processing system, to which at least one 



34. 



information, which has been obtained from said 
image processing, said transform processing 20 
being carried out such that, in every case 
where said image information, which has been 
obtained from said image processing, is to be 
fed into and reproduced as a visible image by 
one image information output device, which is 25 
among connected image information output 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 30 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, and 
v) a filing means for appending pieces of profile 35 
information to said image information, which is 
fed into said input standardization means, said 
pieces of profile information comprising first 
profile information, which is necessary for 
defining details of said transform processing 40 
carried out by said output standardization 
means, second profile information, which is 
necessary for defining details of said image 
processing carried out by said image process- 
ing means, third profile information, which is 45 
necessary for defining details of said normali- 
zation processing carried out by said normali- 
zation processing means, and fourth profile 
information, which is necessary for defining 
details of said transform processing carried out so 
by said input standardization means. 

An image processing system, to which at least one 
image information input apparatus having inherent 
input device characteristics and at least one image 55 
information output device having inherent output 
device characteristics are connected, 
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image information input apparatus having inherent 
input device characteristics and at least one image 
information output device having inherent output 
device characteristics are connected, 

5 

the image processing system comprising: 
i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
such that, in every case where said image 10 
information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be 
transformed into input standard image informa- 75 
tion, which does not depend upon the input 
device characteristics of said one image infor- 
mation input apparatus having fed said image 



36. An image processing system, to which at least one 
image information input apparatus having inherent 
input device characteristics and at least one image 
information output device having inherent output 
device characteristics are connected, 

the image processing system comprising: 
i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
such that, in every case where said image 
information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be 
transformed into input standard image informa- 
tion, which does not depend upon the input 
device characteristics of said one image infor- 



information and depends upon standard device 
characteristics having been set previously, 20 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said input standard image infor- 
mation and corresponds to a desired image 25 
portion. 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, 30 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
image processing, said transform processing 
being carried out such that, in every case 35 
where said image information, which has been 
obtained from said image processing, is to be 

fed into and reproduced as a visible image by 
one image information output device, which is 
among connected image information output 40 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 45 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, and 

v) a filing means for appending pieces of profile 
information to said image information, which so 
has been normalized, said pieces of profile 
information comprising first profile information, 
which is necessary for defining details of said 
transform processing carried out by said output 
standardization means, and second profile 55 
information, which is necessary for defining 
details of said image processing carried out by 
said image processing means. 



mation input apparatus having fed said image 
information and depends upon standard device 
characteristics having been set previously, 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said input standard image infor- 
mation and corresponds to a desired image 
portion. 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
image processing, said transform processing 
being carried out such that, in every case 
where said image information, which has been 
obtained from said image processing, is to be 
fed into and reproduced as a visible image by 
one image information output device, which is 
among connected image information output 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, and 

v) a filing means for appending profile informa- 
tion to said image information, which has been 
obtained from said image processing, said pro- 
file information being first profile information, 
which is necessary for defining details of said 
transform processing carried out by said output 
standardization means. 

37. An image information filing method in an image 
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processing system, to which at least one image 
information input apparatus having inherent input 
device characteristics and at least one image infor- 
mation output device having inherent output device 
characteristics are connected, the image process- 5 
ing system comprising: 

i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 10 
such that, in every case where said image 
information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be is 
transformed into standard image information, 
which does not depend upon the input device 
characteristics of said one image information 
input apparatus having fed said image informa- 
tion and depends upon standard device char- 20 
acteri sties having been set previously, 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said standard image information 25 
and corresponds to a desired image portion. 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, and 30 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
image processing, said transform processing 
being carried out such that, in every case 35 
where said image information, which has been 
obtained from said image processing, is to be 

fed into and reproduced as a visible image by 
oneJmage information output device, which is 
among connected image information output 40 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 45 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, 
the image information filing method compris- 
ing: 50 
appending pieces of profile information to said 
image information, which is fed into said input 
standardization means, said pieces of profile 
information comprising first profile information, 
which is necessary for defining details of said 55 
transform processing carried out by said output 
standardization means, second profile informa- 
tion, which is necessary for defining details of 



said image processing carried out by said 
image processing means, third profile informa- 
tion, which is necessary for defining details of 
said normalization processing carried out by 
said normalization processing means, and 
fourth profile information, which is necessary 
for defining details of said transform processing 
carried out by said input standardization 
means. 

38. An image information filing method in an image 
processing system, to which at least one image 
information input apparatus having inherent input 
device characteristics and at least one image infor- 
mation output device having inherent output device 
characteristics are connected, the image process- 
ing system comprising: 

i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
such that, in every case where said image 
information has been received from one cage 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be 
transformed into input standard image informa- 
tion, which does not depend upon the input 
device characteristics of said one image infor- 
mation input apparatus having fed said image 
information and depends upon standard device 
characteristics having been set previously, 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said input standard image infor- 
mation and corresponds to a desired image 
portion, 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, and 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
image processing, said transform processing 
being carried out such that, in every case 
where said image information, which has been 
obtained from said image processing, is to be 
fed into and reproduced as a visible image by 
one image information output device, which is 
among connected image information output 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
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information and depends upon standard device 
characteristics having been set previously, 
the image information filing method compris- 
ing: 

appending pieces of profile information to said 5 
input standard image information, said pieces 
of profile information comprising first profile 
information, which is necessary for defining 
details of said transform processing carried out 
by said output standardization means, second 10 
profile information, which is necessary for 
defining details of said image processing car- 
ried out by said image processing means, and 
third profile information, which is necessary for 
defining details of said normalization process- 15 
ing carried out by said normalization process- 
ing means. 



39. An image information filing method in an image 
processing system, to which at least one image 20 
information input apparatus having inherent input 
device characteristics and at least one image infor- 
mation output device having inherent output device 
characteristics are connected, the image process- 
ing system comprising: 25 

i) an input -Standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
such that, in every case where said image so 
information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be 
transformed into input standard image informa- 35 
tion, which does not depend upon the input 
device characteristics of said one image infor- 
mation input apparatus having fed said image 
information and depends upon standard device 
characteristics having been set previously, 40 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said input standard image infor- 
mation and corresponds to a desired image 45 
portion, 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, and so 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
image processing, said transform processing 
being carried out such that, in every case ss 
where said image information, which has been 
obtained from said image processing, is to be 

fed into and reproduced as a visible image by 



one image information output device, which is 
among connected image information output 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, 
the image information filing method compris- 
ing: 

appending pieces of profile information to said 
image information, which has been normalized, 
said pieces of profile information comprising 
first profile information, which is necessary for 
defining details of said transform processing 
carried out by said output standardization 
means, and second profile information, which 
is necessary for defining details of said image 
processing carried out by said image process- 
ing means. 

40. An image information filing method in an image 
processing system, to which at least one image 
information input apparatus having inherent input 
device-Characteristics and at least one image infor- 
mation output device having inherent output device 
characteristics are connected, the image process- 
ing system comprising: 

i) an input standardization means for carrying 
out transform processing on image information, 
said transform processing being carried out 
such that, in every case where said image 
information has been received from one image 
information input apparatus, which is among 
connected image information input appara- 
tuses, said received image information may be 
transformed into input standard image informa- 
tion, which does not depend upon the input 
device characteristics of said one image infor- 
mation input apparatus having fed said image 
information and depends upon standard device 
characteristics having been set previously, 

ii) a normalization processing means for carry- 
ing out normalization processing for normaliz- 
ing and extracting image information, which is 
contained in said input standard image infor- 
mation and corresponds to a desired image 
portion, 

iii) an image processing means for carrying out 
desired image processing on said image infor- 
mation, which has been normalized by said 
normalization processing means, and 

iv) an output standardization means for carry- 
ing out transform processing on said image 
information, which has been obtained from said 
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image processing, said transform processing 
being carried out such that, in every case 
where said image information, which has been 
obtained from said image processing, is to be 
fed into and reproduced as a visible image by 
one image information output device, which is 
among connected image information output 
devices, said image may be reproduced by 
said one image information output device to be 
fed with said image information and as an 
image, which does not depend upon the output 
device characteristics of said one image infor- 
mation output device to be fed with said image 
information and depends upon standard device 
characteristics having been set previously, 



5 



15 



10 



a plurality of gradation correction look-up tables 
having different correction characteristics for 
correcting the gradation of said image informa- 
tion, and 



a selection means for selecting a gradation cor- 
rection look-up table, which is among the plu- 
rality of the gradation correction look-up tables 
and has the correction characteristics such that 
the gradation of the output image reproduced 
by said image output means may become clos- 
est to said assumed output gradation. 



the image information filing method compris- 
ing: 

appending profile information to said image 
Information, which has been obtained from said 
image processing, said profile information 20 
being first profile information, which is neces- 
sary for defining details of said transform 
processing carried out by said output standard- 
ization means. 



41. An image output device, comprising: 

i) an image output means for reproducing a vis- 
ible image from image information, which has 
been subjected to image processing carried 30 
out by assuming output gradation and is pro- 
vided with subsidiary information representing 
said assumed output gradation, and 

ii) a gradation correcting means for correcting 

the gradation of said image information in 35 
accordance with said subsidiary information 
and output gradation characteristics of said 
image output means, the correction being 
made such that the gradation of the output 
image reproduced by said image output means 40 
may approximately coincide with said assumed 
output gradation. 

42. A device as defined in Claim 41 wherein said grada- 
tion correcting means is provided with a look-up 45 
table forming means for forming a gradation correc- 
tion look-up table such that the gradation of the out- 
put image reproduced by said image output means 
may approximately coincide with said assumed out- 
put gradation, and so 

said gradation correcting means transforms the 
gradation of said image information in accord- 
ance with the formed gradation correction look- 
up table. 55 

43. A device as defined in Claim 41 wherein said grada- 
tion correcting means comprises: 
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